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STKEPTOMYCIN AS AN AD.IFXt'T IX sraSlCAE THEAT3IKNT OP 
PnoiONAltV Ti nKliCI'EOSIS 

Uaniki- a. Jluiainiii, if.!)., Lacrk.nck JIiscaix, M.D,, Hodkrt Kloi'.stock, 
Jr.D. (by innitatiox), and .lo.sni-ii Hitsack, M.D. (by ikhtatiox) 

•Iam \ica. X. V. 

I T IS n ploasui'O to oi)cii tliis nuvliiip with ii di.scti.ssioii of the nierit.s of strcpto- 
niyoiii, the first niul only specilic therapoutii' apeiit whieii hn.s conic to the 
as.sistniicc of the surpooii and phlhisiolopist since the institution of collapse 
therapy for pulmonary tuheivnlosis. 

At the end of the fweiity-fivc-ycar period enilinp in 1945, thoracoplasty, 
the major surpical collnp.se iiroceilure. had probably reached the zenith of its 
possibilities as n therapeutic measure iu terms of maximum percentage of 
cavity closure and simtum conversion with minimum mortality and morbidity, 
Contributing to this was a tremendous expi'rience udth the behavior of 
tuberculosis under surgical management, increased surgical skill, and pro¬ 
gressive improvements in the ancillary factors of anesthesia, blood-loss re¬ 
placement, iniproverl lire- and postoperative care, smaller stage operations, 
cte. By far the greatest factor, however, in reducing mortality and morbidity 
in the operated groui) has been experience and skill in the selection of cases 
for operation, and the proper timing of operative interference. This has led 
to the general recognition of the so-eallcd “good chronic” as the standard 
risk for thoracoplasty. It is in this group of patients that most clinics have 
been able to achieve a low operntii'e mortality of 2 to 3 per cent, a low inci- 
deneo of acute po.stoperativc spread and exacerbation, and a rate of cavity 
closure and sputum conversion npiiroxiniating 70 per cent. The faetoiu which 
increase the o])erntivc risk, such as age, extent and activity of disease, bi¬ 
lateral involvement, toxic coiistitiitional symptoms, extrapnlmonarj' tubor- 
oulosls, cardiac impairment, large sputum output, marked reduction of the 
respirator}' functional capacity, diabetes, etc., were also generally recognized. 
The combination of one or more of these factors relegated a largo group of pa¬ 
tients with cnvitar}' disease to the status of sub.stnndnrd surgical risks. In 

l^rom the fiur#riciil Service of tlio Trlboro Hospital. 

Bead Rt the Tw-enty-olglitl> Annual Mcetinir of Tlio American Aaaocfatlon for Thoracic 
Surtferj’. Quebec, Canada. Hay 11, June 1, J, 1548^** 
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many of these patients the preoperatwe bed rest waiting period was often 
prolonged, and a great many never did reach the status of a fair operative risk, 
and thus were denied the benefits of sui'gieal collapse. 

The mortality and morbidity statistics could be improved or worsened 
in accordance wth the manner in which operative indications were limited 
to the standard risk group, or the boldness with which they Avere extended 
into the substandard risk group. 

After 1942 following the stimulatmg Avork of Churchill and Klopstock, 
and its further extension by Overholt and Maier, resection surgery for tu- 
lierculosis began to take a place in the surgical armamentarium. The Avork 
of these early pioneers in the field AA’-as plagued not so much by operative 
mortality per se. as by a high incidence of fresh postoperative spread or ex¬ 
acerbation of old quiescent lesions attributed to dissemination of tubercle 
laden bronchial secretions dunng operation. This factor Avas improved to 
some extent by the Overholt face-doA\m position during operation, but early 
and late exacerbation and spread continued to hinder the Avider application 
of resection surgeiy to the problems of eaAataiy tuberculosis. 

Such AA^as the status of the surgical treatment of pulmonary tuberculosis, 
when in 1945 and 1946 the Avork of Hinshaw and othei’S in the treatment of 
tuberculosis Avith streptomycin began to appear. 

To summarize liriefly: After one year to eighteen months clinical trial, 
the folloAAung were some of the facts about streptomycin that became ap¬ 
parent. 

1. At long last there Avas a therapeutic agent tolerated by human be¬ 
ings AA'hich had a specific antibacterial effect on the tubercle bacillus. 

2. TiTiile streptomycin had no rapidly effective curative action on chronic 
productive or caAutary tuberculosis, soft pulmonaiy lesions of recent origin 
tended to improve promptly. 

3. Dosages of 2 Gm. or more per day over a prolonged period produced 
toxic manifestations characterized by impaired function of the eighth cranial 
nerve in a large proportion of treated patients. These toxic manifestations 
Avere decreased or eliminated by reduction of the dosage to 1 6m. per day, 
and an effective in viA’o concentration of the dmg could still be maintained 
Adth this dosage. 

4. Tubercle bacilli became resistant to sti'eptomycin in varying periods, 
generally from 90 to 120 days, thus placing a time limit on the beneficial 
effects of the drug. 

5. Larjmgeal and tracheobronchial tuberculosis Avere benefited by paren¬ 
teral streptomjdn treatment Avith resultant improvement in nutrition, decrease 
in toxicity, and general improvement in the patients’ condition. 

Scrutiny of these facts led to the conclusion that sti'eptomycin AAuth its 
acknoAvledged beneficial effect on progressive lesions of recent origin, and 
its limited period of effectiveness, might be more useful as an adjunct in the 
surgical treatment of pulmonaiy tuberculosis than in any other mode of use. 
"We hoped that it might improA'e our results from resection surgei'j' and Adden 
our indications by being prophylactic for the early and late postoperative 
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(ILssemiimfioii imd exnceibiitioii of quiescoiit lesions. We nntieipated tliat it 
might imi)i'ove the risk status of some of those in the suhstandavd lisk group 
for tliorncopla.sty, and shorten the time of their preoperntivc cooling off 
licriod, thus hrondening the field of major surgical collapse therapy rvithout 
undue increase in the niorhidity and mortality. 



Janiinry. 1917. to Januno'. 10 18, Purplcnl Sorvico, Trllwro 
.\<*« Vork, X. V. 

We had oeeasion during Ifi-tC to observe the effects of the drug sporad¬ 
ically in a vcrj- few cases. Stieptomyein in <junntitie.s sufTlcicnt for a fair 
clinical trial was furnished to us at Trila)ro I[ost>ital,as soon ns possible within 
hudgetnrj- limitations by Dr. Kdward M. Berneeker, Commi.ssionor of Ilositi- 
tals of New Vork, N. V. This was in the early spi ing of 1D47. All of the 
sireplomyein used in this series of eases was provided free of charge to 
the patients by the Department of llospilnl.s, City of New York. 



Ftp. 


We arc presenting a summary of our experience with the drug on the 
surgical service of Triboro Ilospital during 1047, the first year of its use. 

There was a total of 85 cases, 05 of the patients trenteel with streptomj'cin, 
and 20 thoracoplasties not treated with streptomycin. AVe have divided them 
into si.x groups ns illustrated in Fig. 1. There were 19 intrapleural procedures 
including the resection cases; 23 .snhstandnrd ri.sk thoracoplasty cases; 5 
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cases of postoperative spread or exacerbation in a series of 25 standard risk 
thoracoplasty cases wth no preoperative streptomycin treatment; 12 cases 
of tuberculous empyema; 4 tuberculous chest Avonnds, and 2 late exacerbations 
folloudng surgery done in previous yeai'S. 

A. B. 



Pig. 3, A to D (Case 1).—A, Dec. 17, 1916, preoperative. B, April 23, 1947, one month 
postoperative, lobectomy right upper lobe and right middle lobe. C, Jlav II). 11)47. two monOis 
postoperative. Note exudative lesion In expanded residual lower lobe, t), June 16, 1947, lesion 
receding after one month of streptomycin therapy. 
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All j)iitietits soon afloi- llic iiistitutiuii of streploinycin tliernpy showed 
n ninrked snl).sideiie(> of enii(;h, diinimitinii in the daily sputum output, and 
diminuliou in the haeillai-y eoiiteiil of the sputum. This was particularly 
dramatic iu patients with eopious outputs of 8 to JO oimces of sputum j)er da}', 
and was usually neeom|)aMied hy rapid iui])roveineut iu the patient’s general 
eondition. decrease in toxicity, improved feeling of well-heing, and improve¬ 
ment in the nutrition. These changes often took place within ten days to 
two weeks after the initiation of therapr'; in some cast's tin' ])rogre.ss was 
slower. jMost ))ntients on ineoperalive .streptomycin therapy eame to opera¬ 
tion praetieall.v dry as far as s|mtuni output was eoneeiiicd, and wo feel that 
this is one of the most important eontrilintiotis of the drug to the prevention 
of postoperative ludmonarv eomltlieations. 



K!p. 3, H .—>fnrcb I3IS, y<'nr i>o?top<'mtlvr. 

Tlio operiitions in this soru’.s were p^rforintM,! l)y n mimber of dilTeiont 
surgeons. The majority of the operative ])roeedurc.s were performed by the 
resident stalT with the supervi.sion and ns.siatnnee of the attending staff. 

A\'o have grouped all the inlrapleural procedures together (Fig. 2) com¬ 
prising 10 lobectomies, 3 total pneumonectomies, 3 pleural decortications, and 
3 intrapleural pncumonolyses done in bilateral cases. 

Streptomycin Avas used as follows in the dccovticnliou and open pneu- 
monolysis cases: 1 Cm. per day was given for seven days preopemtively aud 
fourteen days ]) 08 toi)eratively. The postoperative course iu all G eases Avas 
benign, and there Avere no tuberculous or other serious complications. 

In all the resection eases, streptomycin Avas given intramuscularly in 
dosages of 0.5 6m. every tAvelve hours for three to four Aveeks preopemtively 
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and for iiiuety days postopei'atively, Avitli the exception of one patient avIio 
received streptomycin fourteen days preoperatively and fourteen days post¬ 
op eratively. 

CASE REPORTS 

Case 1.—A 26-year-old ivliite woman was admitted to Triboro Hospital in. May, 1940, 
witli a productive and cavernous lesion in the right upper and middles lobes (Pig. 3, A). 
On March 22, 1947, after fourteen days of preliminary streptomycin tlierapy, a lobectomy 
of the right upper and middle loi>es was done. The postoperative course was benign and 
uneventful and streptomycin was discontmued fourteen days postoperatively (Pig. 3, B). 
On May 15, 1947, a symptomless early infiltration in the apex of the right lower lobe was 
noted on checkup x-ray examination (Pig. 3, C). Streptomycin therapy was reinstituted and 
continued for 120 days. The infiltration disappeared in about four weeks (Pig. 3, P) and the 
patient’s course since has been without complication. Pig. 3, E shows the status of tlie pa¬ 
tient in March, 1948, one year after operation. 

All the remaining eases in the resection group came to operation ivith 
marked reduction in sputum output, and pi*aetically diy in this respect. The 
postoperative eoui-ses were unusually benign and uneventful. No contralateral 
or ipsilateral spreads occurred in the immediate postoperative period, and 
no late spreads or exacerbations have been noted up to date. The Overholt 
face-doAvn position was not used in these operations, and so is not a factor to 
account for low incidence of postoperative complications. 

We have no untreated control series in which the patients were operated 
upon during the same time intenral as this group of cases. However, the im¬ 
mediate postoperative results are in contrast -with those of a small series of 
resections for tuberculosis done at Triboro Hospital between the years of 1942 
to 1946. In this prestreptomyein group, 3 out of 21 lobectomies developed 
bronchopleura fistulas, empyema, and contralateral spread, of which the pa¬ 
tients died from eight to nine months postoperativelj*. Two opt of four patients 
vith total pneumonectomies for destroyed lungs developed immediate post¬ 
operative contralateral spreads which resulted in death of the patients. 

The next two groups of thoracoplasties should be considered together. The 
fii-st group of 25 patients had multiple stage paravertebral thoracoplasties with¬ 
out preoperative or postoperative streptomycin. The second group of twenty- 
three patients had multiple stage thoracoplasties with preoperative and post¬ 
operative streptomycin. 

The two groups are not exactly comparable, as they were not selected on 
a consecutive alteniating basis. Since the streptomycin budget in a Mimicipal 
Hospital was not imlimited, its use in the individual case had to be restricted 
to certain rigid indications. Before streptomycin could be prescribed, each 
individual ease was evaluated and passed upon by a conunittee of the chiefs of 
the medical and surgical semdees. Under these circumstances it was' felt by the 
conunittee that in thoracoplasty cases the limited streptomycin available should 
be reseiwed for the substandard risk patients, and for those who, due to com¬ 
plications, might not liave been able to undergo major surgeiy without strepto¬ 
mycin therapy. 

The first group of 25 cases (Fig. 4) were considered standard thoracopla.sty 
risks according to the usual methods of case selection. They underwent 73 
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singes of thorncopinsty. In 5 of tlicso cnscs ncute cxuclntivo sprend ooeurml 
nftcr first or second singes. SIrcptoinycin Ihcmpy was inslituted immodintely 
on n'cognilion of llic coniplicnlion niid continued for 00 to 120 days in 4 cases. 
In tho fifth case clearing was so rapid and coinjilcle that streptomycin was 
di.scontinueil after twcnly-eiglil days. In 4 of these cases it was found that 
the remaining stages could ho completed after two lo six weeks’ dcln.v instead 
of the usual wait of six or more month.s. The jinticnts so treated have done well. 

One death oeeun-ed in tliis group. A patient in his mid-forties died sud- 
denl.v on the thinl day following an npi>er-.slage thoracoplasty. Autopsy showwl 
imimonnr.v emlmlism. 

The roentgenograms in the following ease are illusirnlive of a standard risk 
jialicnt who had ipsilaleral spread following an uj)])er stage thorncoiilnst.v. 



Fix. I. 

Case 2.—A -Ifl-yttir-old jmtleiit uiis to TriJioro Jlospilnl for tho first tinio 

iu BoptcmlK'r, 1043, iritli bllntcml upper lobe lesion und cnvitles in tlio loft upper lolxj. In 
sprinp, 3044, left pneumothorax irns j:iven for three months and nliandonM bocnoM of in- 
offccllvo collnifso. •Toly, 1944, Iho patient loft tho ho.^pitnl npninst advice. In October, 1940, 
tho patient mis rendraltted Ixvnu^e of inrreaacd conxtitutionnl pymploms (Fig. 5, A), In 
mid-March, 1947, an upper j^tnge thnrnroplnBty ix-nf done without preopomtive streptomycin. 
An acute cxudntli-e sjiread (o the left lower lolio oe<*urre<l inimcilintely (Fig. 5, B). Stropfo- 
niynln, 0.23 Om. four times ft day, ims Mnrtcd and In five ivoeki- pufllclont x-ray rewilutinn nnd 
remiMinn of symptoms were uotcnl, that it wns deemwl fensihio to proceed with thorncopinsty 
(Fig. 5, C), The scN.’ond stngo wjw done on May 1 nnd tho third stngo on May 22, ^dth 
uneventful postoperative course. .Streplomyelu wrui continued for 120 days. Sputum con¬ 
version ivitli negftllvo culture irns olitoineil, nnd has been maintntneJ to date (Fig. 5, B). 

In the next gi-onp all 23 palicnta (Fig. 6) were coi\sidcrcd sultstandaisl 
risks nnd were treated prcuiicrnlivcly nnd 2 iostoi)erativolj' with streptomycin. 
Fight had giant cnritics or dcsti-o.vwl lungs with large daily simtnm output. 
Five had contralateral luieumothornx or thorncopinsty. Three lind proriously 
active contralateral involvement, 2 had dinhctc.s, and 5 others had largo daily 
sputum output. After these patients were selected iot possible thoracoplasty 
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thej’^ were placed on streptomycin, 0.25 Gm. intramuscularly four times daily, 
observed until constitutional symptoms and sputum output were considered 
reduced to a minimum, and advantage was taken of this optimum time to 

A. B. 



G. D. 

Fig. 5 (Case 2).—A. Ininiedlately prior to left upper stage thoracoplasty. S, March 27, 
1947 acute exudative spread in left lower lobe following upper-stage thoracoplasty. O, April 
30 1947. partial clearing of fresh exudative lesion In loft lower lobe following one nrontli 

streptomi'cln tlrcrapy. D, March 23, 1948, ten months after completion of thoracoplasty. 
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start the llioraco)ilasly. Tims llic prcopcrnt.ivf prriial of li-oatiiieiit varied, 
lu the 8 vases with tiiaiit cavity or dvatroyed hmn. the lamimmn preoperntive 
Iroatmonl was Iweiity-viuht days and the laaxiiauni forly-twn dajTf. In 2 
dr tliv.sv vases vnneomitimt laryiiRval involvvnient edvared up eoaijdetcly dur- 
iiiE the prvopvrativv trvntraviit period. In all the eases of this sul)-(;roup of 8, 
.streploiayein was eontimieil po,stoj)erntivcly until 120 days of streptomycin 
therapy were eoin))lcted. The eontralnternl pneumothorax and diidietie eases 
hud a comhimsl prcoiierativc and i>ostopcrntivc total of DO days’ treatment. In 
the l•enlninin^r eases the total treatment was 70 days each. 

' l•’ott^teen of these imtients had n pretrentment sputum output of .I to 8 
ounces per day. Nine hail a spuluni untpnt of I to :! ounces jut day. In all 
eases there was a marked decrease in the sputum outi)iit, in some eases to 0 
at the time the first statte was undm taken. 

Twenty-two of tlii-se 2.'! patients underwent 71 stages of thoracoplasty 
with henipn uneomidieated poslopmative eoni-ses. and eomplete freedom from 
spread or exaeerhation in all inslanees. 



kie. e. 


There was one posloi)erative death in this group. It was a sudden death 
on the ninth ])ostoperative day following a second .stage thoracoplasty. The 
postoperative course had heen henign and nneomplieatod, and tho patient was 
a))i)arenlly doing well. Anlo]).sy was not obtained, so the cause of death was 
undetermiiUKl. 

The x-ray films in Case 8 illustrate a substandard risk due to destroyed 
lung with multiple eavities and bronchiectasis, and large sputum output 

(jAsr a.—Au t.S-yenr-oId patient nun ndmtttcd to TritX)rD llospitfil in April, 1940, rvith 
nn oIi'vcn*>*ciir h5j*tory of puliuoiinrj' tiibereuloflln (FIp. 7, A). After ono year of bed rest 
them wmt i>ersistontly elevated Icjnponiturc, ti tlnily sputum output of 8 to 0 ounces, henvlly 
IKwillro for taberculosis, and ralld larynpcal Involvement with Jionrsencss. In April, 1947, 
decision wns mado to start collapse after preliminary atrcptomycin therapy. Pneumonectomy 
was contemplale<l, If thomcophisty did not achicTO arrest. The patient vrw placed on 
streptomycin, 0.25 Om. four times a day, and roflpons© a-ns dramatic. Within fourteen days 
the sputum output was re<luce<l to less than J onneo jKir day, hoarseness and fever 
disnppenrcd, and tho patient Iwpan to pain weight. After twenty-eight days of atroptomycin, 












Pier. 7 (Case 3).—A, Aug. 1, 1946, preoperative. Multiple cavitation, destroyed lung. 
H, May 25, 194postoperative. First lo^ve^-Btage thoracoplasty. O, Julv 28. 1947, postero- 
anterior tomograph about nvc \veeks after final left upper stage. April 29, 1948, ten months 
post-thoracoplasty 
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llio Inwrr fln»t of u ^tnKO tlionn*opliuity «louo from In-lovr upwAnt wan j^tnrletl 

(Vij;. 7, //) nml iiino ril»^ won* rwnm-jsl in four ptnucw tlurinp Miiy tmd Juno. Fip. 7, C i« 
a TiK-ntpon tonioirnipliio vlow Oikon nlrfint four lo flvo nftor tlio Rmt Hjjutuni 

convon^inn oocurml noon uftor l•olnpl^*fi^m of t'or^ory, nnJ sputum lui'^ ronminotl nopntive on 
cultun* up to tlio prc.-'cnt timo. S}roplomyi*in \xn» oontinucil until n total of li’O Jays’ treat- 
nienl hnd Ikm'U jflvon, Ki;;. 7, piTH*ut atntuH ten luiintiu* po>fojherativply. 

The next group (Fig. 8) eompriscs VI eases of lul^ereuUms empycuin, 4 
without (leiuoiisti*al)lo hrom*ho|>leurnl fiKtuin. aiul S with l)roiiehoi)leura] 
fistulns. 

The x-rny films in Case 4 illasirale troalmetit of n ctise of tuberculous- 
mixctl empyema without broiicliopleurni fistula. 
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\ \'ounp white uouinn uiih retuliiiittiNl lo Trilmro Jliwjutnl in Septemljer, lD4(i, 
with tulwrculoiUH-inlxcil inftvtion empsTum nn«l piruroeutaneous fistulns (Flp. 9, J). Bmonr 
nnj rolturo slioweil luls'irle Imrilli anil iionhemolytie streptoooeri. History datwl l>aek to 10.H9. 
■nith cavity in the left up(K*r lol»o Irtnit^il hy pneuniotlionix rotUinuou-sly. There xms pom- 
plcte collapse of the left lung with hronchostenosis un<l j>ersistently nepatlvo sputum. No 
hronrhojjleuml flstulu etiuhl la* ileniopstruleil. 

After admission, twice-weekly thomcontcaiH with intrapleural instillation of 50,000 
units of penieilHn in 100 r,c. of saline rendore*! the pus free of streploeocci hut not of toberclo 
hadlH. 

la the latter part of May, 1IM7, intmpleuml stroptom>Tin wns started. Twice weekly 
Iho pus \\-ns eraruatrsl by Dinrnoenlcsis, and I Om. of gtreptomyem diluted In 100 c.c. of saline 
^r^ls Instilled. In a very short time the previously thick pus Itecamo thin and serous. After 
six wevks^ trentracnl, fluid did not reform, and cultures for tulicrcle bacilli were stcrilo. The 
pleurocutnneous fistuhie eloseil and In throe months' time the patient ftulntsl Ihirh’ pounds in 
weight (Fig. 0, Jl). Huhsoquently ft uiulHplo stngo thoracoplasty was done, and the left 
pleural space ohUlemte<l without resort to Sclioclo operation (Fig. 0, C). 

The three rcmniniiig ])ntient.s in this group wore treated with thorneentc.sis 
three timc.s weekly. After evneuntiou of nil fluid possible, 0.5 Gm. strepto¬ 
mycin diluted in 100 c.c. of pnlino wns introduced into the empyemn space. 
One patient had this treatment for ninety days l)et’ore sterility wns achieved; 
another for only Iwonty-two days. These three patients did not receive par¬ 
enteral streptomycin. Streptomycin levels in the pleural fluid at fortj'-eight 
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(o scveiity-Hvo lioiirs after introduction of the drug varied from 10 to 160 
millimicrogmms per cubic centimeter. Simultaneous blood levels ranged from 
5 to 10 pg irrc.s]>cctive of tbe pleural fluid concentration. 

The empyema spaces in tbese three case.s were rendered sterile and then 
obliterated by cxtraplenral thoracoplasty ivithout drainage. 

In the fourth ease simultaneous parenteral streptomycui u-as given for 
ninety days because of extensive contralateral disease. The empyema space 
was sterilized, but tbe contralateral disea.sc did not improve sufficiently to 
warrant thoracoplasty for oblitei-ntioiu 
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The 7 case.s of tuberculous-mixed empyema with bronchopleural fistulas 
were all old eases that had residual empyema spaces after multiple stage 
Schedc lhoraco])lasties. The treatment was to unroof surgically the residual 
space and leave it widely open. In two cases the thick infected fibrous plaque 
over the risceml pleura was decorticated iritbout further mobilizing of the lung. 
These surgically c.xposeil spaee.s rvere treated vrith streptomycin applied lo¬ 
cally. One gram of on,’stnlline streptomycin was thoroughly mi.ved irith 4 
Gm. of dry' plasma powder. The wounds were liberally dusted with this 
mixture daily. No parenteral streptomycin was given. Dramatic healing was 
achieved evith relatively small amounts of the drug in a very short time. The 
average amount used was from 14 to 28” Gm. for the entire treatment. Heal¬ 
ing occurreel in from two to five weeks with clean, granulating, shrinking 
wounds, and no pits formation at any time. In 4 cases complete healing was 
achieved by this method; in one case healing was not com])lete. One patient died 
of hepatitis, and one of progression of disease during treatment. 

Blood levels were not demonstrable in the patients treated by topical 
application. 

The next group of four tuberculous infected chest wounds, tabulated in 
"Pig. 30, were treated parcnterally and topically -with streptomycin. In two 
postoperative tuberculous infected wounds, sucee.s,sfnl secondary closure and 
complete healing were achieved. In a tliird case, a 1uberculou.s infected cheat 
wound was due to caiity iierforation following revision of n thowcoplasty. 
The bronchopleural fistula closed and the wound healed to the surface by 
gimnulation. In the fourth case, resulting from cavity perforation occurring 
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during apieolysis as a preparation for jilombage, a bronchopleural fistula and 
tuberculous infected supra-apical space are still present. Streptomycin treat¬ 
ment was started, but had to be abandoned immediately because of extreme 
toxic sensitivity. 

DRUG TOXICITY 

One patient showed extreme sensithdty to the drug, and its use had to 
be abandoned. Only one patient developed vertigo of a significant degi'ee' 
after reeeiidng 28 Clm. Seven patients showed slight toxic symptoms, such 
as headache and nausea. In these cases treatment was immediately discon¬ 
tinued for seven to ten days and then resumed, first Avith 0.5 Gm. as a daily 
dose and later, if no toxic signs recurred, the dose was increased to 0.75 Gm. 
daily. In 5 such eases treatment could be continued without any further toxic 
symptoms. 

SUMMARY 

Our experience with streptomycin as an adjunct in the surgical treat¬ 
ment of pulmonary tuberculosis in the Triboro Hospital during the year 1947 
is presented. The results in 65 eases of pulmonaiy, pleural and chest-wall 
tuberculosis treated ndth streptomycin are summarized, and case histories 
tjqiical of each group are cited. Twenty additional thoracoplasty patients 
luitreated -with streptomycin are included as controls. The efficacy of pre- 
operative and postoperative streptomycin treatment in the prevention of post¬ 
operative complications in pulmonary resection for tuberculosis and thoraco¬ 
plasty is e^^dent. Beneficial effects of topical application of the drug in 
combination with open operations for bronchopleural fistulas and residual 
tuberculous empyema spaces are outlined. Dosage and mode of administra¬ 
tion of the drug, and toxic reactions, are reviewed. 

CONCLUSIONS 

In our experience on the surgical service of Triboro Hospital as illustrated 
by the series of 85 cases presented hereivith, streptomycin has been a most 
valuable adjunct in the surgical Heatment of pulmonary tuberculosis, and 
has proved efficacious for the follovnng indications ; 

1. Preoperatively and postoperatiAmly for all pulmonaiy resections and 
intrapleural surgery on tuberculosis patients. 

2. Preoperatively and postoperatively for all thoracoplasties considered 
substandard risks, or \vith complications such as contralateral- pneumothorax, 
diabetes, etc. 

3. For acute exudative postoperative spread, where streptomycin has 
not been used prophylactically. 

4. Intrapleurally for ])ure tuberculous empyema mthout bronchopleural 
fistula. 

5. In combination with open Schede thoracoplasty for tuberculous-mixed 
empyema vuth bronchopleural fistula. 

6. In the infected chest woiuids and sinuses. 


(See discussion on yage 55.) 



■ Tlffi }{OLE OE STIiEPTOJlYClN IN TIIE SURGERY OF 
PULjrONARY TUBERCULOSIS 

I’.un. T. C/IAP.MAN-, E. J. O'Brirn-, M.D., Pahr Y. O'Rourke, Jf.D., and 
HrI’PK DoiIGlaH, 

Uktroit, ^Fich. 

I N TJ/E jiiisl yi'iii', S(l(l piilieiils hiivi- Ix-oii with Mlrcptoiiiyciii at )Icr- 

iimu Koiror iiiid Tlio Jliiylmry Saiiutorimn. About 300 more Imvo been 
■trcnted at our otlicr snmiloi'iiims. It was mir intention to pivc, at this time, 
■ a detailed slafistioal report of our results in litis series, but this proved to be 
wishful tbinkinp, and impossible of aeeomplishmt'nt. AVe can, however, give 
a gcueral sumninrj- of our observations to dale. 

Wc shall coiiflne this itreliminaiy report to the ))ntient.s at the Jrnybury 
Sanatorium who have reeeived streptomvein for pulnionarv ttiberculosis only 
(oitbor with or without polbi|)se therap.v or other measures), and to those at 
Herman ICcifcr IIos))itnl in whom major siirpienl jtrocodurcs Iira'c been con- 
tcinplatetl or have been completed. 

■ Patients given the drug were in the follow groups: 


Group 1. Those in whom we hoped that collapse or other sur¬ 
gical measures could bo avoided or redueed in amount. 

Orou]) 2. Those in whom surgical proeedurcs (contraindicated 
bceause of the patient’s condition, extent of disease, etc.) could be 
made itassibic through streittoniyein. 

Group 3. Patients who received the drug as a prophylactic 
nieasairc agaiiisl siireads following .surgical and eollni)so ])roocdures, 
oi- to clear the.se spreads if they occurred, and to make the operation 
]jo.s.siblc earlier. 

Group 4. Patients with i)roved or suspected tracheobronchial 
disease. 


AVe have had streptomycin available in KUlTlcicnt quantities for e.xtensivc 
trial only since the autumn of 1947, and most of it since -Tanuarj’, 1948. It 
is ob\-ioua, therefore, that it is too early for definite, reliable statistical analy¬ 
sis.- iln 7 iy patients have not yet finished the coui-so of treatment, and others 
have-had it too recently to rcimrt end results. AA’'e have, however, been forced 
to some verj' definite conclusions )-cgnrding the merits of the drug because the 
whole- course of the surgical management of pulmonaiy tuberculosis ha.s, in 
our clinic; been revolutionised since its use rvas begun. 

In Group 1, composed ehiefiy of ])nticnts vrith early, minimal and mod¬ 
erately advanced disca.se, we have found that streptomycin has decreased the 
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FIb. 2.—Extensive cRsonse with nniUlple cavitation and positive sputum In n very ill patient. A. Appearance of chest before treatment; B, appearance 

one month after treatment with streptomycin ; O, appearance six months after start of treatment. 
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coiu'se to follow can be determiuecl only after much, more time has elapsed 
and our experience broadened. In fact, what the future holds for all pa¬ 
tients who have had streptomycin must await further obserration. 

In Group 2, we have found that the numlier of patients in whom surgical 
procedures (especially thoracoplasty) were possible was doubled by the ad¬ 
ministration of streptomycin. Many lesions, seen before administration of the 
drag, were so extensive and of such character that collapse measures could 
not be performed. Also, the condition of many patients was too graim, and 
there were complications such as gastrointestinal, peritoneal, pelvic tuberculosis 
contraindicating surgical procedui'es. Streptomycin is markedly efEeetual in 
these complications, and after thej" have subsided and sufficient clearing of the 
lesion has taken place, surgical procedures may frequently be completed with 
expectanej'- of good results. lYe have often seen patients extremely ill, with 
high temperature and dyspnea (some almost morilmnd and in oxygen tents), 
in whom the temperature became normal rapidly, tlm oxj'gen tent was removed, 
and the patients continued to improve making surgical proeeduras, with good 
results, possible later. 

Group 3 somewhat overlaps Group 2, but will be considered separately. 
This group includes patients in whom major procedures are contemplated 
where soft lesions exist on the operation side, or an unstable lesion is present 
in the contralateral lung. Streptomycin is used here to prevent conti’alateral 
spread, and to clear or protect the contralateral lesions during and after the 
surgery. In Negroes and othei-s with known, lack of resistance, the use of the 
drug here is impei'ative. AVe are now operating on much softer lesions earlier 
and have observed fewer spreads since wc began its use. "We now believe that 
in all patients undergoing major .surgical procedures it should be used 
prophylactically. Group 3 also includes those patients in whom a spread has 
occurred during or immediately following these operations regardless of pre¬ 
vious streptomycin. It is our e.xperience that these spreads clear much more 
readily with the drug, and Aidth a marked decrease in the number of collapse 
measures necessary to assist them in doing so. The ndministn.'ation of strepto¬ 
mycin previously has not changed this observation. We have repeatedly re¬ 
started the drug udth the same result as in those patients who have not had 
it. These patients obmously had not had a sufficient amount of the di’Ug be¬ 
fore operation. AYhen so-called spreads occur, it is important, for statistical 
purposes, to distinguish between new, fresh lesions and reactivation of old 
lesions (or autotuberculinization) which are noted for their rapid clearing. A 
revieiv of old roentgenograms is usually necessary to make this distinction. 
There can be no doubt that, in this group of patients, many months of hospital¬ 
ization are saved. It is most probable that, in the future, marked reduction 
in the financial burden to the family or community will be achieAwd. 

In Group 4, there is no question about the results in proved ulceration. 
These often heal as if by magic soon after the drug is started. The number 
of bronchoscopies performed for these lesions has been stnkiugly reduced. 
Prolonged treatment udth silver nitrate application is no longer necessary. 
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Drondioscopy is now done for dingiiosis. nnd ngnin after strcptoiuj'ciu fhcrnpy, 
tlie latter being virtnnlly nnneeessnry, however, except for statistical pur¬ 
poses because it is so rare not to find idecrs healed after streptomycin therapy. 
It is our observation, however, that there is often much endobronchial ulcera¬ 
tion, beyond the vision of the bronchoscope, which is the enuse of atelectasis, 
blocked cavities, and positive spuluni. If patients suspected of har-ing such 
lesions arc given streptomycin, with early and inarketl clearing of the atelec¬ 
tasis and reduction in the .size of the cavities, ire can be sure that the diag¬ 
nosis was correct, nnd that the bronchi have again become ])ntcMt. Ifowcver. 
if the re.sults are negligil)lc. we can j)re.sume that the condition i.s either healed 
stenosis or parenehynial disease, lleeniise sometimes it is difficult to dilTcronti- 
atc between atelectasis and parenchymal disease by roentgenogram, we feel 
that some of the excellent results sometimes reported for old fibrotic lesions 
were probably in reality atelectasis (I’ig. 4'. 

As stated earlier, we find it inipo.ssililc, at this time, to break domi this 
series in <letnil and evaluate results with any ilegree of aceurac.v. However, 
during' the year beginning in .ffnivh, 1U47, there were Sfl first stage tliomco- 
plastics porfonmsl wnthoul the use of streptomycin. Only sitoradienlly was the 
dnig used until autumn of that year. During the same .year, however, strepto¬ 
mycin was given to Ifll palients to prepare them for thoracoplasty. Pollouung 
its administmlion in this gioup, -0 wore found no longer in need of it. Tho.se 
20 were ela.ssified, before trejitment. as follows: favorable. 10; unfavorable, o; 
hopele.s,s, fi. There are .'id patients now reinly nnd waiting for operation. This 
group was elassifictl before streptoniyein ns: favorable, 0; unfavorable, 1C; 
hopele.ss, 2r>. We Imve found that there are fewer s))rends following tho- 
raeoidasty, and nl.so fetrer resitinal eavitie.s. Tliis i.s explained by the marked 
cfToetivene.ss of streptomycin in bloekeil cavities which are often displaced but 
unchanged in size: after one or t%vo stages of thoracoplasty, these frecpiently 
close after streiitomyein. The drug should be used, however, before rebridged 
bone occurs to ])revent apiiroximation of cn\'ily walls nnd healing. In this 
regard, it must be kcid in mind that the size of a ca\-ity levealed by roent¬ 
genogram does not a1 all rcpre.sent the junount of de.struction of lung jjaien- 
eh\Tnn. CaWties (cspeciall'' btoekc<l ones) have a tendency to balloon, and 
give a distoi-ted idea of I he amount of pathology present Frequently, it 
is lnipo.s.siblo to delerniine whether blocked or ])nrtinlly blocked cavities e.x- 
Tst Therefore, it seems olndoas that strci)tomycin should be used as a 
pro])hylnetie measure in all ])atients undergoing thoracoifiasty. 

There were twenly-lhrec patients who received sti-cptomycin prior to re¬ 
section. Niue of these had e.xtcnsivo tracheobronchial disease or unstable 
lesions in the contralateral lung which made resection impossible prior to 
streptomycin. It was given to the remainder as a proifiiylaetie measure. 
There was one late empyema, and one death oecuri-ed from hemorrhage, but 
no other untoward incidents occurred from operation in this group. In 
twenty ])ntie;its, streptomycin ivas used during the course of decortication 
because of pletutd involvement, etc., nnd no complications arose in this group 
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following operation except one bronchopleural fistula. Their postoperative 
course, however, was smoother, and pleural reactions were less mai'ked, and 
cleared more promptly, 

a. B. 
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li’tg. 1.— jl, Film befoi'c stroptouiycln; B, i-evonls inaiKeU clearing two months after strep¬ 
tomycin—atelcclnsls gone, cavity remaining; C. fUm sliowing spread following thoracoplasty In 
spite of previous streptomycin ; D, clearing after restarting streptomycin. 
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At tilt! Mnyliury Sanainrium, tliirty-thriM* palitatls wlio tvcni lliouglit to 
noctl collaiwo moasurca lipforc stri'pfoiiiyciii did iiol lua'd them aftei-ivnrd. 
Tu'ciity-six olhci'x tvho warp tlioiiKlit to Maail major iirocedurcs nerded only 
minor onea nftcr stroptomyrin thornpy. Sixty-tlirpr, in wliom collapse or 
snrgei'y was impossible before use of (be tlrup, tvere able to have these pro¬ 
cedures. ]n sixty-seven, there ua.s no ehnnpe in the [ire- and post-treatment 
recommendations. In this group, there was eonsiderahlo improvement in the 
lesions and symiitoms, in most imtieiit.s, and they were made better candidates 
for the procedures recommended. Fourteen were given the drug for fresh 
spreads. All of these cleared without the inldition of other collapse measures. 
In thirty-three, no collniise was po.ssible before or after treatment. This group 
can be classified as failures. In the remainder of the patients, it is ton early 
for conclnsion.s. 

AVe have atlem|)ted not to givi' tiresome and confusing figures of statis¬ 
tics, but to show, in general, what in our experience streptomycin can bo ex¬ 
pected to accomplish in the surgical managemenl of juilmonary tuberculosis, 
and to suggest a somewhat routine course for its application. 

As would bo expected, our results were most striking in soft mixed, and 
most recent lesions. However, oeensionall.v, in aiiparently old. flbrotic lesions, 
e.xecllent re.sults have been ohtaineil. In almost all patients, some clearing of 
the lesions and clinical improvement have been noted. One of our great 
problems is to know what to do with these “old chronics” in whom the out¬ 
look seems hopeic.ss. If we give streptomycin to them ns a last resort, we 
shall probably tend to put the ilrug into disrepute. Relatives, who are told 
that the patient's condition is hopeless, however, will nlwaj's feel licttor if they 
know that cveo'thing possible has been tried, Kven in terminal patients, it is 
probable that the lemjiorar.v symptomatie improvement, the feeling of well- 
being, decreased cough, and lcs,sencd discomfort make administration of the 
drug worth while. At least, their Inst dnj-s are made easier. AVe feel that 
it is a doctor’s function to get people well if possible, but if this cannot bo 
done, he must at least make them ns comfortable and ns happy ns lies within 
his power. .Streptomycin doc.s so many wonderful things when it is projrerly 
employed that we do not believe its pre.stige will be seriously damaged follow¬ 
ing this philosophy. 

In our experience, the results of strcptoiuyciu therapy, in properly selected 
l)ntienta, have frequently been so nmnr.ing that there is an inclination to bo 
overzenlous in our attitude toward it. A\"o believe, however, that our ])olicy 
' should be one of eonscrvntism for fear that charlatans and quacks, and those 
unfamiliar with its use and complications, w*ill employ it indiscriminately, and 
caiwo more hcnrtaelic and suffering limn can be offset b.v their results. Even 
at the present time, it is Ijcing usctl by some men as a substitute for bed rest 
and the proper collapse measures. These men employ it in ambulatory patients, 
with positive sputum, who are livbig at home with their famiUes or others, 
thus spreading the disease to many innocent V'ictims. Afeanwhilc, tlie patients 
are receiving inefficient and inexcusable treatment. It cannot be emphasized 
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too often that streptomycin is not a substitute for ljut is an adjunct to bed 
rest and proper collapse measures. 

One '\\dll not find perfect accord regarding the efficacy of the drug even 
among the best men in the profession. Those who are unfortunate enough to 
work in hospitals or sanatoriums where most patients have lesions, of the old 
chronic, fibroid tjqDe will not be enthusiastic about the rrse of streptomycin, 
but it must be remembered that all “old chronics” have become so, in most 
instances, because proper treatment was not instituted earlier. They were all, 
at one time, patients vdth soft, early lesions readily amenable to treatment. 

One cannot conclude a discussion of streptomycin vdthout dwelling on the 
complications which sometimes folloAV its use. In the early days, excessive 
amoiuits of the drug were given, and there were manj^ serious and permanent 
complications. Eighth neinm invohmment, vestibular im'ohmment, kidney 
damage, skin eruptions, etc., rvere eommon. Great fear Avas expressed that 
the drug Avould faU iirto disrepute. At the present time, although Ave are 
not sure exactly hoAv much of the drug is necessaiy to control disease in a 
given patient, Ave do knoAV that much smaller doses, giA'en once a day, Avill 
accomplish the desired result, in most instances, Avith far less danger of com¬ 
plications. At the Maybury Sanatorium, Ave are giving 1 Gm. once each day 
for six Aveeks. At the Herman Keifer Hospital, Ave give Gm. once each day 
for tAvelve Aveeks. We are not certain Avlxich is the better method. Possibly 
much smaller dosage aauII suffice in many instances. With our present dosage, 
Ave haA'e noticed a marked decrease in complications. Permanent significant 
damage Aurtually does not exist, and AAffiile frequently there are encountered 
vestibular disfunction and skin eruptions, these usually subside Avdth the A\dth- 
draAval of the drug. It can usually be started again later Avithout repetition 
of these manifestations. Where expected results Avere not obtained during 
routine treatment, Ave haAm occasionally increased the dosage or prolonged its 
use. 

This program has sometimes giA'en results not obtained AAuth the previous 
I'egime. There is a lot we do not knoAv about streptomycin, but our knoAAdedge 
is CA'er increasing. We are sure that streptomycin is the greatest single con¬ 
tribution Ave have had to date to aid us in our efforts to eradicate tuberculosis. 
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EXI’Klil.AIliXTAb A\]J (.'LlXlCAIi STUDIES OF THE HOLE OF 
STKEPTOJIYUIX IX THE I'LEUIiAL CAVITY 

Eduaud .1. IJtuTTii; Jk., JI.I). inv invitation), Hioan Bi.adls, Jl.D., and 
C'lIAItl.lS IIOIITON. Jl.D. (IIV INVITATION) 

ViSIIINOTON, D. C, 

S TKEl’TOAIYC'IX iviis lii'xt dcscrilicd by Wabsinuii' in 1044. In 1945 Fcld- 
liiiiii’ dcinnnsli'iitod timt .stri'ploinyeiii cxorlod ii jirotcvtive ofTpet in pxpori- 
mcntiil (nliercnlosis in tbc (ininca iiin. Jlin.sliaiv^ Inter reimrfcd beneficial cITecIs 
Dll Innnan tuberculosis trealoil with strcpioniycin. 

Various inveatipatnrs Iiavo studied the absorption of streptomycin injected 
intravenously and intramuscularly. For c.xani))Ie, Adcock' lias shown tliiil 
1110,000 iinit.s (0.1 Oni.) of strcptoinycin ;riven intravenously immediately pro- 
iliiccd a .sircptom.vcin blimd level of Iti mieroprains per cubic centimeter; this 
level fell ((uickly. At the cud of one hour the sli’eptom.vcin blood level was 5 
iiiicrot'ranis per eubic cciitinicter or le.s.s. Zintel' nave fiOO.OOO nnit.s (0,6 Gni.) 
of sireptoiiiycin intravenoiisly and iiiiiiieilialely prcHliiced a blood level of aji- 
proxiiiiatcly fi.'l microeraiiis per cubic centimeter. After two hours there was a 
blood level of nearly 20 iiiici'ooniins per cubic enliiiietcr. At the end of six 
hours the blood level had fallen to rcro. 

One liiiiidrcd tlioii.sand units (0.1 Gin.) of streptomycin (.'iveii intramuscu¬ 
larly ])rodiieod a maxiiiuiiii slryptoinycin blood level of apiuoxiiimtely 7 miero- 
Kninis ]M.’r eubic centimeter otic hour after injection. The blond level fell Rradu- 
ally over a ten-hour period to 1 niicrojrrain per cubic centimeter. Zintel em¬ 
ployed fiOO.OOO units (0.0 Giii.) of streiitoinycin iiitraiaiiseularly, which caused 
a gradual ri.se to a maximum blood level of about 20 microgmins per cubic 
eeiitiiiieter in three hours. This level fell 'inidnnily to 10 iiiicrofrnims per eubic 
centiiiictcr at the end of six hours. 

Experimental observations by .Stebbin.s," on dogs, indicated that 100,000 
units .(0.1 Gill.) of streptoiii.vein given intmvenoiisly produced an imnicdiate 
blood level of 20 to ;10 inicmgrams per cubic centimeter. Four hours later the 
blood level had fallen to 2 to .1 inicrograins per cubic ecntimetcr. 

Since the hcneficial effects of .strejdoinycin on human tuberculosis have 
lieen demonstrated, it is reasonable to assiinic that the local use of sireptoiiiycin 
in the human [ileiira for tuberciiloiis effusions or tuberculous empyema might 
bo desirable.' hloreovcr, the local u.sc of the antibiotic, after pulnioiinry resec¬ 
tions for tuberculosis, could Ik* expected to reduce the incidence of tuberculous 
cinpyemu. This hnxtiticiitioii was nndeidaken to determine whether or' not 
streptomycin injected into the jilpural cavity might produce deleterious effects 
on the pleura serosa and to determine the ab.sorption rate of streptom.i'cin from 
the pleural cavit 3 -. 

neail nl Uic TVcnty-cIglilli Annual Xlcctlnif of Tlic Ainericnn AssocItiUon for Thoracic 
Purjurj'. Quebec, C*nQ(ln,' liny 31. Junu 1, *, 1948. 

From Uie Department of l^urgen'. OcoiTfo Tt'nahington Unlveralt^' Medical School. 'U'nfh- 
Infrton. D. C. 

Hejteurch Gmnt from Mcfllriil Ilcaenrcli nnd Dt-velopment JkjanJ. R.G.O.. IT, S. Army. ' 
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ilETHODS 

Dog Experiments .—^Nine apparently healthy mongrel dogs weighing about 8 kilograms 
were used. There were no apparent wound infections nor any deatlis. 

Intravenous nembutal plus intratracheal ether anesthesia was used. With aseptic pre¬ 
cautions the left or right pleural cavity was entered by resecting a piece of rib 3 to 4 cm. 
in length. One hundred cubic centimeters of isotonic saline were then placed in the pleural 
camties of three dogs. One hundred cubic centimeters of isotonic saline containing 0.5 Gm. 
of streptomycin were placed in the pleural cavities of six dogs. The streptomycin was cal¬ 
cium chloride complex* and had been freshly dissolved. The pleura, muscles, and skin were 
closed with fine, interrupted sUk sutures. Pleural fluid and blood samples were collected 
from the animals for streptomycin titer assay. 

On the seventh postoperative day the wounds of all nine dogs were reopened. Biop¬ 
sies of the pleura were taken from the pleura involved in the scar and from the pleura away 
from the scar. The gross appearance of the pleural cavities of the two series of dogs seemed 
the same. There were small adhesions of the lung to the pleura in a few of the dogs, but 
there were no adhesions in most of the dogs. The wounds were reclosed and the biopsies of 
the pleura were fixed in 10 per cent formalin for microscopic section and examination. 

Human Experiments .—In twelve human patients 0.5 Gm. of streptomycin in 10 c.c. of 
saline was instilled in the pleural cavity at the close of a thoracotomy. The pleural cavities 
in these cases had been opened by resecting a rib, and various types of thoracic operations 
had been carried out.- Some of the pleural cavities were drained by an intercostal catheter 
which was undamped at various intervals after the instillation of the streptomycin. In all 
cases 100,000 units of penicillin in 10 c.c. of isotonic saline were installed along with the 
streptomycin. At various intervals postoperatively 5 c.c. of sterile clotted blood were with¬ 
drawn for streptomycin titer assay. 

The sterile dotted blood samples were kept refrigerated until the assay was done. 
This varied from a few hours to a few days later. The method used was a broth dilution 
technique devised by Eomansky.s Except as otherwise noted, whenever penicillin was present, 
penicillin antibiotic activity was destroyed by the addition of penicillinase to the broth cul¬ 
ture tubes. 

RESULTS OF THE DOG EXPERIMENTS 

Absorption Studies .—The study on four dogs receiving 0.5 Gm. of strepto¬ 
mycin in the pleural cavities at open thoracotomy is sinnraarized in Fig. 1. In 
three dogs, fluids taken from the chest immediately after the streptomycin had 
been instilled was found to contain 3,750 micrograms of streptomycin per cubic 
centimeter. Samples of pleural fluid were collected b}'^ tlioraceutesis from four 
dogs two hours after streptomycin had been instilled. These samples had, re¬ 
spectively, 100. 500, 375, and 1,650 raicrograms of streptomycin per cubic cen¬ 
timeter. At the same time that this pleural sample was taken, venous blood was 
also taken for analysis. These levels were, respectively, 20, 20, 20, and 10 micro¬ 
grams per cubic centimeter. Chest fluid taken from a dog twenty-four- hours 
after injecting streptomycin contained no detectable streptomycin. Blood taken 
twenty-four hours after injection of sti-eptomycin into the chest contained, re¬ 
spectively, 1 and 0 micrograms per cubic centimeter in trvo different dogs. A 
more complete absorption curve for streptomycin was obtained in another dog. 
Blood samples were collected one-half hour, four hours, eight hours, and twenty- 
four hours after placing 0.5 Gm. of sti-eptomycin in the pleural cavity of the 


♦Alnmifnctiirod by Merck -A- Co., Inc., Rnbn-ay, N. J, 
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dog. Tln.'sc levels ivei^, lespeetivoly, 25, 20, 5, niicl 0 inierogrniiiK of strejjlo- 
myeiii per eiibie centimeter. These (Intii nrc illiestmted in Pig. 2. Another 
ab.sorption curve yas detennined by collecting bloo<l Knmple.s at one hour, 7 
hour and 24 hour intervals in another dog. These levels were, respectively, 25, 
2.5, and 0 micrograins of sireptoinycin |)cr cubic centimeter. The.se data arc 
illustrated in Pig. 0. In all the dogs studied the absorption of .streptomycin 
from the pleura was rapid. 


FIGURE NO. 1 

streptomycin level MICR06MS/c.C. 
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DOGS 
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1650 

10 




Flff. 1.—Streptomycin nbForptlon data from four dog*. 


Pitlliolugic iS'/adiV.T.—Jlicroseopic sections were made of the biopsies of the 
pleura taken from the three saline control dogs and the si.v dogs recei^^ng 
streptomycin. The plcunds taken away from the thorneotomy .scar in tlie saline 
and in the streptomycin experiments are easenlially the same. Giant cells and 
rdjroblasts are seen in the pleural sears. II is apparent that these giant cells 
repre-sent a foreign body response induced by the presence of silk .sutures, since 
micro.scopie sections reveal no apiircciablc dilTcrenec in pleuras which received 
saline or streptomycin. 

HESULTS IN nUAIAN EXPEBIAIENTg 

There were twelve human cases studied. Six of these patients were consid¬ 
ered to have unscarred plenrns, while in two eases the pleura was moderately 
scarred and in four the pleura was markedly scarred. 

Uiiscarrcd Pleuras .—The first bumnu study was conducted on a patient who 
had a resectable carcinoma of the esophagus and in whom the jilenra seemed 
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normal. On the first postoperath'e day 0.5 Gm. of streptomycin was injected 
into the pleural cavity through the intei'costal drainage catheter. Tbe catheter 
was then clamped oft' to permit ab.sorption of the streptomj^cin. Venous blood 
samples were collected 1, 2, 6, and 8 hours later. The levels were 5, 5, 2.5, and 
2.5 micrograms per cubic centimeter. These results are illustrated in Fig. 4. 

The second human case was a patient who had a portion of the che.st wall 
resected because one rib contained a metastasis from a thyroid carcinoma. The 
pleura seemed uninvolved. Samples were taken at 30 minutes, one, two, four, 
six, and eight hour intervals. The catheter was nuclamped just after the second 



HOURS AFTER STREPTOMYCIN GIVEN 


Fig. 2.—streptomycin tibsorptlon from the pleura ot a normal dog-. 



HOURS AFTER STREPTOMYCIN GIVEN 


Fig. 3.—streptomycin absorption from the pleura of a normal dog. 
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Iiour wimple wiis enlli'etcd. The levcl.s were 25, 20, 5, 5, 2.5, atul 2.5 miero^rniiis 
per cubic centimeter. Tliose diilii arc illu.strntcd in Fi(r, 5. 

The third liiimnn .study was done on n patient who liad an inoperable car¬ 
cinoma of the lunp: Avherc the plemn was uiiinvolvcd and wlierc no intcrcos-tal 
catheter was used. No iienicillinase mis availahle. Levels were taken at thirty 
inimiti's, one, two, lour, cifrlit. and tuclvo liours. The levels were 50, .17.5, 20. 
10, 5, and 2.5 niicropTaiiis per eiihie roulitnctcr. These data are illustrated in 
Pifr. G. 



HOURS AFTER 5TREPT0HYCIN GIVEN 


StroploniycSn nb:«<>rj>tl«>n curve from MnM'nrrcJ jtlcurn. Cnw 1. 



Flff. 5.—Etreptoniycln abjH)rpUon cun*o from iirwcatrevl j>I««ura, Oivo ll. 
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Tlie fourth patient .studied tiad an oxpJoratoiy thoracotomy. Inflammatory 
nodes were found, and the pleura .seemed normal. Blood levels Avere taken at 
thirty minutes, one, two, four, and six hour intervals. These levels were 12.5, 
5, 5, 5, and 3.75 micro^rams per cubic centimeter. These data are illusti’ated 
in Fig. 7. 

The fifth patient .studied had a mediastinal xanthoma removed. At the 
time of exploration the pleura seemed normal. Blood levels Avere determined 



HOURS after streptomycin GIVEN 


Fig. 6.—Streptomycin absorption cur\'e from unscarred pleura. Case 3. 



HOURS AFTER STREPTOMYCIN GIVEN 

Pig. 7.—Streptomycin absorption cur\'e from unacarred pleura. Case 4. 
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nt tbirty minutes, one, two, nnd fonr lioiir intei'vnls. The levels were 25, 12.5, 
10, nnd 6 micrognims per enbie centimeter. These dnta ni-e illiiRtrntcd in Pig. 8. 

In the sixth ense n thoraeic explomtioii was iierformed. Tlie pleum wns 
found to he nonunl. Ijevels were taken nt thirty mimite.s, one, two, four, nnd 
eight hours. Tlie levels weiv resi<eetively 25, 12.5, 10. 5. and 2.5 mierograms 
per cubic centimeter. Tliese dnta are illnstmtcd in Pig. !). 

ilodcyatehj Scarred I’Ickiu.k .— A moderately .si'iirred pleura was found in 
a womnn who had nn open pnenmonolysis performed for pulmonai'j' tutierculosis. 



HOURS AFTER STREPTOMYCIN GIVEN 


PIfr. fi.—.Slrfptomycln nbi»orpltun curvf* from unucHrml pleura. Com C. 



pjg. 9,_streptoraycln ebaorptlon curve from unacarred pleura, Coje 6. 
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She had received 0.5 Gm. of streptomycin intramnscnlarl}" thirteen horn's prior 
to operation. No intercostal catheter was used. No penicillinase was avail¬ 
able. Blood samples were determined at thirtj" minutes, one, two, eight, and 
twelve hour inteiwals. Tlie lilood levels were found to be 22.5, 12.5, 12.5, 2.5, 
and 2.5 micrograms per cubic centimeters. These data are illustrated in .Fig. 10. 

The second patient who was considered to have a moderately scarred pleura 
had a left lower lobectomy and liugulectomy perfomed for bronchiectasis. 
There were a moderate number of adhesions present. An intercostal catheter 
was used. Blood samples were done at thirty minutes, one, two, four, and eight 



0 1 2 4 6 8 10 12 
HOURS AFTER STREPTOMYCIN GIVEN 


Fisr. 10.—Streptom>'cIn absorption curve from moderately scarred pleura. Case 7. 



HOURS AFTER STREPTOMYCIN GIVEN 


Fig. 11.—Streptomycin absorption curve from moderately scarred pleura. Case S. 
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liours. The levels ■were found to be 50, 25, 25, 25. niid 12.5 microornins per 
cubic eeiitiinctcr. Tlie.se didii nre illiistraled in h’ig. 11. 

MarkeiUij ScniTcd I'Iciints .—The first putieid who was considered to have a 
innrkedi.v scarred pleura had a inieunionectomy performed for pnlinonary 
tubercnlosi.s. The ])atient had alread.v had three slaRcs of thoracoplasty per¬ 
formed and received stre)itnin.vein, 0.5 dm., thirteen horn's prior to surperv. 
There was no available penicillinase. HInod aamplrs were withdrawn at thirtj' 
minutes, one, two, four, six, and eipht hours. Tliesc samplc.s were found to 
contain 12.5. 10, 5, 3.75. 2.5. and 1.25 inicroftiiims of streptom.vein per cubic 
1 ‘cntimcter. The.se data are illnslraled in Kift. 12. 



HOURS AFTER STREPTOMYCIN GIVEN 


FIff. 12._Sttvptomj'cln nbnorptJon cuno from nmrkcOly scnrrcJ jileura, Caae 9. 
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The second patient with mai'kedly scarred pleura also had a pneumonec¬ 
tomy performed for pulmonary tuberculosis. She too received 0.5 Gm. of 
streptomycin about tweh'e "hours before operation. Blood samples were with¬ 
drawn before injecting the streptoinj’'cin, and then 30 minutes, 1 hour and 6 
hours later. The levels were 1.25, 2.5, 5, and 5 micrograms per cubic centi¬ 
meter. These data are illustrated in Pig. 13. 

The third patient having a markedly scarred pleura had a pneumonectomy 
for tuberculosis. Blood samples were withdrawn at thirty minutes, one, two, 
and four hour intervals. The blood levels in these samples were 25, 25, 10, 
and 5 micrograms per cubic centimeter. These data are illustrated in Fig. 14. 



HOURS AFTER STREPTOMYCIN GIVEN 


Fig. 14.—Streptomycin absorption curve from markedly scarred pleura, Case 11. 



HOURS AFTER STREPTOMYCIN GIVEN 


Fig. 15.—Streptomycin absorption curve from markedly scarred pleura. Case 111. 
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The foiirtli patient with a aiarketllj' scarred jjleura laid a pneuiuoaectoiny 
for carcinoma of the Iniifr. The pleura was involved and was markedly 
scarred. Blood samples ivere iviflidrawn at thirty minutes, one, two, five, and 
eight hour intervals. The.se levels were found to lie 10. 25, 12.5, 5, and 6 miero- 
grams per cuhic eentimeter. These data are illustrated in Pig, 15. 

SUlIilABV 

This paper de.seribes e.vperiinents to determine the iwthologie effect and 
the ab.sorption mte of atreptomyeiii from (he the pleural cavity. 

0/ierations were performed on nine dogs. Three of these dogs received 
100 c.c. of saline into the pleural cavities, and then had a hioirsy taken from 
the pleura seven days later. Six of the dogs received 0,5 Gni. of streptomycin 
in 100 c.c. of saline into the jilcuml cavities. Streptomycin a.s.say studies wcie 
carried out on pleural fluid and venous blood. The pleura was biopsied seven 
day.s after injection. 

Tbc absorption rate of sli-eiitoniyein from the ]ilcuras of dogs was rapid 
and the maximum blood levels were reaclnal in thirty to sixty niiuutea. 

There were no apparent differences in the niiemscopie picture of the pleura 
from the animals receiving saline and the animals receiving strc))tomycin. 

Twelve human paliont.s received slreplomyein intniiileiiral.v. These twelve 
eases can lie subdivided into six cases of umscarred plenrns. two of modcrtitely 
scarred pleura.s, and four of niarkoflly scarred pleunis. The alworption etirves 
were similar in all three t.vpes. The ab.sorplion is nijiid, being maximum usu¬ 
ally in thirty ininutes, and falls to low levels in six to eight hours. 

CONCl.fSIO.VS 

Xo Immiful effect.s tvere seen cither in the gross or the miero.seopie picture 
of iileuru rcinovisl from dog.s .seven days after .the dogs received strcpomycin 
in the pleural cavity. 

The absorption of strejitomycin from the jilcuni of dogs and human beings 
is rapid and high levels arc reaelierl. 

Scarred pleuras seem to absorb streptomycin ns well ns unsearred pleura.s. 
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COMPARISON OF RESULTS IN TWO HUNDRED CONSECUTIVE 
RESECTIONS FOR PULMONARY TUBERCULOSIS 

OxE Huxdred Without Streptomycin Therapy and One Hundred 
With Streptomycin Therapy 

Charles P. Bailey, i\I.D., Robert P. Gloi’er, M.D. (by inittation), and 
Thomas J. E. O’Neill, M.D. (by inattatiox) 

Phil-Vdelphia, Pa. 

I N ATTEMPTING to draw a proper comparison between those patients with 
pulmonary tnbereulosis who received .streptomycin therapy before and after 
surgery ivith those who did not, it soon became apparent that there ivere many 
practical difficulties. For example, the cases in which streptomycin was not 
given Avere nearlj'^ all in an earlier group chronologically. Some extended 
back to 1941. Thus, many patients were operated upon Avithout the adAmntage 
of more recent surgical and anesthetic improvements. This includes the faee- 
doAvn or Overholt position for surgery. Moreover, the first group Avas not sub¬ 
jected to routine postresection tlioracic space reduction (usually thoraco¬ 
plasty), nor did these patients have the benefit of our more critical present- 
day preoperative CA'aluation and greater experience in handling pre- and post¬ 
operative iM’oblems. 

In contradistinction to this nonsti'eptomj-ciu group, the routine use of 
streptomycin pre- and postoperatively Avas started in September, 1946. Thus, 
all of the streptomycin-treated series are less than tAvo years postoperative. 
Perhaps some of them Avill develop complications or flare-ups in the future. 
On the other hand, some recent cases Avhich are today sputum-positive may 
soon turn negative. 

While the patients in the streptomycin-treated group haA^e been oper¬ 
ated upon on the senior author’s thoi'acic surgical services by a moi'e modern 
surgical and anesthetic technique, at least one-half Avere actually operated 
upon by younger and less experienced associates. Almost aU of those in the 
prestreptomyicn group Avere operated upon by the senior author personally. 
The neAver anesthesia methods and the fnee-doA\Ti position have certainly been 
factore of great benefit in the more recent series but Avere also utilized in 
about one-half of the older series. Routine postresection reduction of the 
size of the thoracic caA’ity (usually thoracoplasty) Avas performed in nearly 
all of the patients in the more recent group, but also in at least three-quaiders 
of those in the older group. It is tine that Ave have had more experience in 
CAmluating cases for surger}', and especially haA'e benefited from the more re¬ 
cently developed pulmonaiy function tests. The most practical of the present 
physiologic study methods haA’e been those of Ornstein, Herman, Friedman, 

From the Thoracic Surgical Serrlces of Halinemanri Hospital and Medical College, Phila¬ 
delphia, Pa., a section of the Surgical Services of Sea A'^iew Hospital, Staten Island, N. Y., 
and Memorial Hospital of Wilmington, Del. 

Read at the Tn-enty-clghth Annual Meeting of The American Association for Thoracic 
.Surgorj-, Quebec, Canada, May 31. June 1. 2, 1948. 
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1111(1 J‘Vk’(11iiii(1(‘1’.' AVo luivo, llicrcforc, rcjcctod ii ('(‘rliiiii luiiiilioi’ of jiour- 
1'i.sk oiiS(?s ill llio S(.'(‘oiul (jiimp. An (iiiposinj; I'lictor. Iidwcvcr, is llio fnct 
emboldened by bcllei- lesull.s, Imvc soniewlmt extended our iiidieiitious mid 
linve nt times “puslied our iiiek” in borderline enses. ^Vlso emboldened by 
llie lliouii'lit tlint we now lind tlie ‘‘iidvnnfnpe” of streiitomyein tliernpy, we 
bnvc opernted upon nnnilier tyi>e of poor-risk ense. Thus, the Intter series 
has iiichidod 14 cases of aeiite piieiimoiiie tuberculosis. 0 eases with coiitrn- 
lateral pneumothorax, and 14 eases inth iiomohiteral tuberculous empyema, 
nmotig whieh 12 cases also had rliiiieiil broiicIio])leural fistulas. These latter 
were usually subjected to tbe formidable operation of extra])leural pulmoimrr' 
resection plus excision of the em|iyema spaeo.= 

After eonsideratioii of all these diflleiilties, we nevertheless believe that 
some iiiterestiiift and valuable eotielusioiiH iiia.v be drawn from eomimrisoii of 
the two croups. AVo were able to follow all of tbe early eases for nt least one 
.vear, and the majority of them up to the |ireseiil lime. AA’hile there is a groiii) 
of late untoward devcloimieiit.s. most of oiir important surgical eoinplieatinns 
oeeurred early. The chief exception to this is the development of late tuber- 
eiiloas emiiycmn in an uiinbliterated space remaining after pticiimonoetomy. 
Jjatc titbcrcttlous exacerbations which iiuiy develop in the same nr opposite 
lung are frequently blamed upon the siirgeiy but may well be duo to the 
liatural prngrc.ss of the disease (whieh notorionsl.v tends to bilntcraliration). 
I’crhnps it may be due to an ituidetiunlc removal of tuberenlous disease al- 
read.v existing at the time of resection. Oriistein’ has stressed the neoe.ssity 
of bilatoml planography in all tuberenlous cases subjected to surgeiy; other¬ 
wise, either homointera! or eoiitrnlnleral eiivitios may be overlooked preop- 
eratively. 

Following i.s a breakdown of the indientioiis for stirgerj- in each group, 
with the treatment and operative mortality (Tables 1 and II). 


Taiilk I. I s'lacATioxn i-oa RF3it:i-no.s- 


IXPICAT10N8 1 

CAPES 

1 wmi HTJIEITDUVCIN 
IpN'EDMONrO- I LOnEC- 
1 TOIIIER 1 TOMIER 

l8EniIE3CTAL 1 

nE.\n 

.Severe bronchJfii 

13 

13 1 

\) 

3 

Awocinto or rewldufil broncliiccfn^ih 

1 

0 1 



TnefTi'etlro tempomry colIup.‘*e 

(1 

0 n 

0 

1 

1) 

1 

TnefTcctivo pemmnent cc»llfip.«c 

Verj* Inrpo cavity 
nilnr cavity 

111 

r, 

4 2 

0 3 

fl 

0 

Chock valve cavltv 

.1 

1 1 

0 

1 

Loucr lolw cavity 

3 

0 3 

ProffrcMlvo cnvltnry diw^npo 


3 


2 

(destroyed lungsl 

Acato pnoamonic diseaso 

14 

12 3 

0 

5 

Taborculoma 





Bilateral localized 

2 

0 1 



Elective 


0 0 

2 

1 

Broncliopleunil flstala 

13 

0 3 

2 0 

0 

3 

Chronic mbtetl or slmplo ompAmia' 

3 


■ Total 

100 

09 25 

(J 

10 

Surplcal deaths 

10 

11 5 

0 
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Tabee n. Indicatioks for Eesection 




j NONSTREPTOM-YCIN | 



IXDI cations 

CASES 

pneumonec¬ 

tomies 

LOBEC¬ 

TOMIES 

SEGMENTAL 

DEAB 

(Severe bronchial stenosis 

13 

12 

1 

0 

4 

Associate or residual bronchiectasis 

9 

4 

5 

0 

0 

Ineffective temporary collapse 

i 

2 

2 

0 

1 

Ineffective permanent collapse 

28 

12 

11 

5 

s 

Very large cavity 

15 

5 

7 

1 

1 

Hilar cavity 

0 

0 

0 

0 

0 

Clieck valve cavity 

3 

0 

2 

1 

1 

Lower lobe cavity 


1 

3 

0 

1 

Progressive cavitary disease 

12 

10 

2 

0 

9 

(destroyed lungs) 

Acute pneumonic phthisis 

O 

2 

0 

0 

2 

Tuberculoma 

2 

1 

1 

0 

0 

Bilateral localized 

0 

0 

0 

0 

0 

Elective 

10 

2 

6 

2 

0 

Bronchopleural fistula 

0 

0 

0 

0 

0 

Clironic mixed or simple empyema 

0 

0 

0 

0 

0 

Total 

102 

51 

40 

0 

27 

Surgical deaths 

27 

16 

10 

1 



DISCUSSION 

The foregoing st-atistical breakdoAvn tends to support certain impressions 
which have gradually developed. First, it is evident that resection for pul¬ 
monary tuberculosis is much safer in our hands since September, 1946 
(Table HI). 


Table EU. Cohmox and Specific PosTOPEP..VTm: Complicatioxs 



1 NONSTBEPTOMYCIN | 

[ WITH STREPTOMYCIN 


1 TOTAL 

FATALITIES 

TOTAL 

FATALITIES 

Spreads, contralateral 

13 

6 

1 

0 

Spreads, homolateral 

2 

0 

0 

0 

Empyema, pyogenic 

4 

0 

0 

0 

Empyema, tuberculous 

8 

5 

1 

0 

Empyema, mixed 

1 . 

1 

2 

0 

Cheat wall infection and sinus 

7 

1 

2 

0 

Bronchopleural fistula (earlv) 

7 

3 

2 

2 

Bronchopleural fistula (immediately after 4 

thoracoplasty) 

0 

1 

0 • 

Bronchopleural fistula (late) 

3 

1 

1 

0 

Total 

49 

17 

10 

2 


The most gratifying observation is that postoperative contralateral 
tuberculous spread is almost nonexistent on our service today. The one case 
of listed conti’alateral spread was that in which a bronchopleural fistula de¬ 
veloped and in Avhieh the patient had been operated upon a few weeks pre¬ 
viously for mixed infection tuberculous empyema due to acute cartty rupture 
folloAving a closed pneumonolysis for tension cavity. It seems probable that 
the spread was related to aspiration of pleural contents and overwhelming 
infection. 

Eaidy postoperative tuberculous empyema did develop in three patients 
with pulmonary resection in the streptomycin group, one of whom had been 
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Rulijcctcd to cnWlary niptme and gross pleural coiitaiiiinatioii at operation. 
This is in contradistinction to thirteen cases of tuherenlons empyenin in the 
older group. 

Devcloinnent of hronchoplournl ll.stnln was also much less common in the 
streptomycin-treated group. Of the four cases of bronchopleural fistula in 
this group, tuo were, in patients originally operated upon for bronchopleural 
fistula, and one was a ease of acute pnciinionie phthisis with contralateral 
disease under pneumothorax collapse. In an attempt to save much needed 
lung tiasue. a multiple segmental resection was perfonned, although some 
questionably easeating lung tissue wins left behind. This ease was obviously 
a poor choice for any surgery. Another ease was a pneumonectomy for de¬ 
stroyed lung. 'While there was no obvious reason for this man developing 
a hronchoplournl fistula, it apiienrcd a few weeks after thomeoplasty and 
was iiroccded by an une.xplained fever throughout the surgical period. Per- 
ha]).s he had a silent empyema of small sire all that time. 

Of the entire group of speeifie complications commonly seen after resec¬ 
tion for pulmonaiw iubereulosls and which had ooenrred 49 times in the non- 
streptomycin series, only 10 appeared in the group of strcptomycin-trcntcd 
cases, 'Wniereas these comidieatious caused 17 of the 27 deaths (C3 per cent) 
in the first scries, they caused only 2 of the IG in the second scries (15 per 
cent). Both of these deaths occurred in eases which would not have been 
considered oiierable at the time the first series was in progre.ss. They were 
eases of inixcrl tuberculous empyema with bronehopleural fistula due to 
acute cavitary rupture. 

The next uotcwortli.v oltservation is the inereased number of eases of 
extensive lung destruction (22) and acute pneumonic jdithisls (14) in the 
streptomycin group, ns eomimred to 12 of the former and 2 of the latter in the 
nonstreptomycin group (Table I), The surgical results were dramafioaliy 
different in each scries. Thu.s, of the 14 eases in both cla-ssifioations in the 
nonsti-eptomycin group. 11 patients died (78.5 per cent). This is in lino with 
the experiences of Sweet' and others ivith resection therajiy for this type of 
case. On the other hand, of the 3G emses in the stroptomyein-treated seiles 
only 7 patients died (19.4 per cent), 5 of these being in the acute pneumonic 
)>hthisls cln.s.sifiention. Our overwhelming impression is that this marked le- 
duetion in mortality ulth these verj- serious cases is practically entirely due 
to the use of streptomyein. Reasoning along the lines of Pfnetze and associ- 
ates” we would expect the suppressive effect of streptomyein in these cases 
of extensive to ovenvhclming juilmonary infection to produce a temporaiy 
reversion of the case to the statas of less active and progressive disease. The 
surgical results should then become comparable to those in the more chi-onic 
classifications. Indeed, the mortalit}' of the ca.ses of “destroyed limg” under 
streptomycin therapy is quite satisfactory (9 per cent). The persistent liigh 
mortality (35.7 per cent) in the cases listed as acute pneumonic phthisis is 
probably due to the fact that the overwhelming infection cannot be ns com¬ 
pletely suppressed and that they still represent cases of fairly active tuber- 
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culosis at the time of surgery. We believe that the mortality would have been 
much higher in this group had streptomycin not been used. Packard® has 
urged a much longer preoperative period of streptomycin in such cases. How- 
eA'er, we must not prolong this therapy to the point of losing the specific sup¬ 
pressive effect before surgery. Streptomycin-fastness of the concerned bac¬ 
teria may Avell develop Avithin six Aveeks. 

Respiratory insufficiency, paradoxical breathing, and acute postoperative 
pulmonary edema Avere deemed causath^e of six deaths in the streptomycin- 
treated group, or 37.4 per cent of all deaths in this series. In the nonstrepto¬ 
mycin group only 2 deaths Avere listed as due to these causes, or 7.4 per cent 
of deaths in that series (Table IV and V). We belieAm that this increase in 
the later series is a direct reflection of our attemiits to extend the indica¬ 
tions someAAffiat in cases of borderline eardiopulmonaiy functional insuffi¬ 
ciency. It can undoubtedly be reduced by a more careful screening of these 
eases after functional studies have been completed. Both Ornstein® and 
Crellin" haAm pointed this out in reAueAAdng our series. 

The remaining causes of death in both series are of Avide A’ariety and 
indiAudual raritjL With the exception of a ease of tuberculous pericarditis 
(operative opening of the pericardium) and one of tuberculous meningitis, 
they had no direct relation to the tuberculous process (unless Ave consider 

TiUn.E W. Causes of Deaths (STREProitA'ciK Group) 


Acute pulmonary edema 2 

Bronchopleural fistula ami mixed empyema 2 

Contralateral spontaneous pneumothorax 1 

Cardiac cessation on operating table 2 

Paradoxical breathing 1 

Hemorrhage, laceration of inferior venn cava 1 

Respiratory insutSciency 

Transfusion reaction (hemolysis) 1 

Continuous oozing postoperatively 1 

Amyloid disease ndth urema 1 

Pulmonarv' embolism 1 

Total ^ 16 


TxVble A'. Causes of Deaths (jSToxsteeptomycix Group) 


Postoperative cardiac failure (pulmonary edema) 1 

Operative cardiac arrest 1 

Tuberculous meningitis 1 

Tuberculous pericarditis 1 

Uremia due to amyloid disca.so 1 

Acute postoperative anuria 1 

3 dnA’S postoperative hemorrhage, tourniquet pneumonectomy 1 

Chest vail and sinus infection 1 

Inability to expectorate secretions po.stopcralively 1 

Respiratory insufficiency 1 

Spreads, contralateral 6 

Tuberculous empyema .5 

Mixed empyema 1 

Bronchopleural fistula (early) .3 

Bronchopleural fistula (after six months) 1 

Uremia due to transfusion reaction 1 


Total 
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tlic tmisiilion of mnyloid ilisniscl. The ciikc.s of ojicrnlivo cardinc nrri'sl wero 
essentially duo to vei;\’ ]ionr eondition of the patient (2 wore eases of acute 
luioumonic phthisis). 'I’here wa.s also one ease of I'olleN eai'diac ari'e.st in the 
older serie.s, succe.s,sfully treateil hy iiias,sn(;e. In general, tiu'se causes of 
death were such as inipht he expected in any series of puhnonar.r resections 
irrrs))eefiv(‘ of patholofjy. While they can prohahly he diminished hy furthei' 
improvements in .selection, suri'ii-al techni(iue, and postopeiaitive care, it is 
douhtful if tlie.v can ever he imtirely eliminated. Thei'e were einht such ileaths 
in each serie.s. 

There has l:een eonsiderahle variation in the amount and duration of 
strcptomyein theraiiy. lloweviT, we have hasieally ui' cn I dm. daily for two 
weeks preoperatively and for three weeks after operation. In especiall.v acute 
eases and those with exees.sive sputum. Ihi‘ ilose has fi-ei|uently heen doubled 
and piven for three to four weeks pn-operalively and up to eipht weeks after 
tlie I'esection. In no ease has the daily adult dose heen le.ss than I dm. In 
some individuals, of restricted fiiianeial capacity, streiitomyein was begun 
jiLst two to three days preopei'ativ<'ly ami continued for an ecpiai i)eriod post- 
oi)erntiveIy (two to three da.vsi. In no sneh instanec did we feel that the 
patient was harmed, hut we did limit this group to those with the more con¬ 
servative surgical iudieation.s. We have repeatedly heen able to confirm the 
observation of (.Inusteiu' that there is a remarkahle leduetion in the amount 
of sputum and dinunution in its purulent content during the two weeks pre- 
opeifitivc stre]itom.vein regime. While this sputum rarely becomes hacillu.s- 
freo, the ClafTky count usually drops. It is our im))i’ession that these changes 
in the amount and character of the sputum remarkably reduce the chance of 
operative flooding of other imrlions of the bronchial tree with consequent 
reduction in the tendency to nteleidasis ami hronehiogenie .spread. The rela¬ 
tive nhsenec of oiierative si)rend.s (one ease only. 1 pei' cent) in the strepto¬ 
mycin-treated group, as eoutrastefl to the older grnu|) (15 pei' cent) cei'tniid.x' 
tends to hear this out. A factor of eonsiderahle importance in the prevention 
of postoperative atelectasis is attention to the traeheohronchial toilet. This 
includes the otxlinar.v ineehanisms of air pa.s.snge evacuation such ns eneourngc- 
ment of cough, carbon dioxide iidialation, trnn.snnsnl trnnsglottic tracheobron¬ 
chial aspirations, bronchnseoi>y in the |>ast opera live i)eriod, and occasionally 
tracheotomy for frequent ns])irntion. We arc especiall.v grateful for the help 
of Dr. .T. A. Crellin of Philadelphia,' and Dr. Jforris Pierson of AVilmington, 
Del.,* who hn.vc contributed to the setting up of the program of treatment 
which has workc<l so well in these cases. 

We have felt that strcptom.vcin therapy markedly reduced the post¬ 
operative incidence of tuberculous empyeinn except in those cases xx-hero a 
clinical bronchopleural fistula develops. This xvns especially cxddent in those 
cases xvhero opemtive laipturc of a caseous area led to gro.ss contamination 
in the pleural space. Thus in 2-1 cases of opci-ntive gross pleural contamina¬ 
tion in the prestreptomycin group, tuberculous empyema resulted in 13 in¬ 
stances (68 per cent). On the other hand in 18 cases in tlie streptomycin 
series only 3 empyemas resulted (18 per cent). 
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The protective effect of streptomycin also was veiy evident in cases of 
clinical tuberculous or mixed empyema, vdth or without bronchopleural 
fistula, which were treated by resection. While an attempt was usually made 
to remove the entii’e empyematous space, it was completely accomplished in 
only three instances, and pleural contamination occui’red in two of those be¬ 
cause of operative opening of the empyematous sac. Yet, pleural infection 
was demonstrable postoperatively in only 3 of the 12 eases (25 per cent). The 
rarity of chest waU infection and sinus development in these eases was most 
impressive, occurring in only two instances. One patient, who had had a 
fairly long (eight weeks) preoperatwe course of streptomycin, did develop 
a draining sinus which has existed about six months. She had had a "wide 
bronchial fistula and pleural infection for more than one year preoperatively. 
At the time of operation, it was necessary to leave a large portion of the 
empyematous wall on the diaphragm and peiicardium. 

The occurrence of bronchopleui'al fistula in the early postoperative period 
is usually related to a failure of proper bronchial closure, although virulent 
pleui'al or mediastinal infection may well lead to sloughing of the suture line. 
This is probably aggravated by early severe coughing which applies extreme 
pressure to the suture line. We have obseiwed a number of eases which have 
maintained a closed bronchus for three to fi.ve weeks postresection, then fol- 
lovdng an obliterative thoracoplasty the patient complained of blood spitting 
(brownish), and/or of extreme bulging of the softened chest wall. The 
bronchus apparently opened due to the force of coughing in the absence of 
the support of the intact costal cage. For such rupture to occim so long 
after the time of probable secui-e bronchial heaUng (fourteen days) suggests 
that normal healing had not taken place. Overholt® has sho^vn that this is 
frequently due to ulceration in the bronchial stump. Since routine examination 
of the cut bronchus in resection cases reveals, according to Auerbach,^® miliary 
tubercles in about 40 per cent of cases, it is not surprising that ulceration 
of the bronchial stump may occtU’. In view of the many favorable reports 
upon the use of streptomycin in endobronchial tuberculosis, it would seem 
probable that it should teud to prevent this stump ulceration, or to cause 
healing once such ulceration has occurred. 

It is interesting to note that opening of the bronchus immediately after 
postresection thoracoplasty occurred in 4 cases in the prestreptomyein series 
and in one case of the streptomycin series. This latter ease was the one of 
acute pneumonic phthisis with bilateralization in which multiple segmental 
resection was employed. We believe that the use of a double sutiu-e line, one 
of interrupted end sutures and one proximal mattress row, is of considerable 
protection against such an occiu’rence. We prefer stainless steel because of its 
inertness. 

From this appraisal of our entire experience with pulmonary resection 
for tuberculosis, we have come to .the conclusions that the beliefs fii-st voiced 
upon the use of streptomycin in resection for pulmonary tuberculosis by 
Glover, Clagett, and Hinshaw^^ are essentially con-oborated. Pro^dding a 
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Taiile VI. I3nnAKi»iwN’ or C.vsES With Patie-vts U\txo 


lletuUx to date (non>itrc}>loinycin (iroup) 

Totnl 

Surgical deaths 

Doatha einco opemtivo period 

Liriap 

Known nepatives (present) 

Unable to follow np 

Known positives 

Resldoal chest wall dmlnnpe 

100 

10 

03 

53 (87.3% of living) 

4 ( 0.3% of living) 

4 ( 0.3% of living) 

0 (10.C% of living) 

r^fsultt to date (ftrrptomycxrx graui*) 


Totnl 

100 

Surgical deaths 

10 

Deaths slnco opemtlro period 

0 

Living 

S4 

Knovm negatives 

77 (01.5% of living) 

Unable to follow up 

0 

Known positives 

2 (2=4tf. of living) 

Undcterrainefl 

5 (Very recent or no sputum do- 


termination avnllnblo) 

Rcsldonl chest wall drainage 

4 ( 473 % of living) 


prcviou.s course of streptomycin llicrapy hn.s not rendered the patient bacteria 
streptomycin-fast, a definite snppro.ssion of the tuljcrenloiis process is pro- 
diicerl during tlic preoperative thcrapj-. The patient’s disease tlion tempo¬ 
rarily assumes a more chronic course, so that it can he subjected to surgerj- 
witli a muoli greater margin of safety. In the treated group, the incidence of 
tuberoulou.s operative spreads and flare-ups beeame practically nil. Infec¬ 
tions of tile pleura and cliast wall were remarkably reduced in spite of the 
inclusion of 14 cases of empyema (with proved bronehoplenral fistula in 12 
eases) in the strei)tomycin-trcnted group. 

Tlic eomplications which are es.sentia!ly due to the resection rather than 
to the tuberculosis were unchanged. IVliilo more difficult cases were fre¬ 
quently chosen for surger.v in flic streptomycin-treated group improvements 
in surgical technique rendered tlie nonspecific complications and mortality 
aiiout the same. 

AVe believe today that llie mortality in pulmonarj- resection for tubercu¬ 
losis can 1)0 set at any figure over 5 per cent, dependent upon the type of case 
selected for resection, and the choice between radical or conservative man¬ 
agement miLst be left to the judgment of each individual clinic. 

AVe cannot, of course, give an aecuratc idea of the relative incidence or 
freedom from late complications in these two series. However, there is 
nothing in our experience to suggest that the late results after resection 
surgerj- arc essentially ditTercnt from the late results in other forms of major 
surgery for pulmonary tuberculosis (Table AH). 
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AN KVAIAJATJON 01^ STUEI’TOJIVCIN AS A PROTECTI^T; AGENT 
IX PUEIIOXARV RESECTION FOR TUBERCULOSIS 

JuiJAX A. Jfootti:, 3I.I)., Asiir.viu.E, N. C., -lAJitii U. JIurphy, M.D., and 
Parker I). Elrud, M.D. (by I-witation), Ote>:n, N. C. 

T he fii'Nl nttciiipt.s to rcxrc’l ()iil)iionnr\' (issue were iiuide hr Oinek,’’" 
Schmid,’'' Block,''“ Bioiidi,' and Ziiiio’ hetwceii tlie yeni's 1881 and 1883. 
TuHier’ wrote of Gluck's and Scliinid’s cxtir|mtion of the lunp; in an animal 
and of an experiment hy itiomli in which the limp of an experimeiita! animal 
was inomdated witli the tul)erelc hacillus and the resultant disease eradicated 
hy iineumonectomy. Tuflier coneluded: ’‘In the fli'st stroke, therefore, ox- 
perinienlation had achieved (he end of its domain. All of (hose who succeeded 
these experimcnlei's . . . Imve only confirmed thcircouelusiona,” 

Wc arc familiar with Block's first trapie attempt to perform a hilateral, 
apical resection for tuheividosis in 1881,"’ and m'th similar unsuccessful at- 
teinpLs hy Ruppi” and Kroeulein.” Tuflier ))crformed what is accepted a.s the 
first Hucct>ssful resection for tuhereulo.sis in man in 180.3. This -ivas followed 
hy the cases of Lowson in ISO.'P-' and Doyen in 180").” Jfany surgeons at- 
tenipteel, sucee.ssfully and unsucce.ssfully. to ))erform resections with varied 
technics until 1032, when Graham,” lalienthal,” Freedlander,'' and Rienhoff'’ 
reported their cases. The success of the latter group led to renewed efforts 
to eradicate tuherctilosis hy excision of the diseased tissue. 

Thornton and Adams.'" Holley and .Toties,’" Behrend,'" and Clagett” re¬ 
viewed the literature uf) to 1044 and found that le.s.s than 00 eases of pul¬ 
monary resection for tuhereulosis had been reimrted. We reviewed the Ameri¬ 
can literature up fo May. 1048. and found repoited OIG cases of resection for 
pulmonarj’ tuberculosis with a total mortality I’ate of 2(5 per cent and an op¬ 
erative mortality I'ate of In per cent in those cases in which the rate could 
bo determined (Table I). The mortality rate for ))neunionectomy was slightly 
more than twice that for lobectomy. Unfortunately, all surgeons have not 
reported in detail the causes of death nor the complications, such as spreads 
or exacerbations of tubereulosi.s. bronchial fistulas and empyemas, which arc 
the main caases of the high mortality and morbidity accompanying these 
operations. 

There was either a sin-ead or an exacerbation of tuberculosis in 26 per 
cent of d.fiC cases (Table II). The incidence was higher follo-idng lobectomy 
(31 per cent) than following pneumonectomy 24 per cent). Empyema de¬ 
veloped in .60 cases, or approximately 12 per cent of 421 resections (Table HI). 


Read nt thf* Tivcnty-olghtli Annunl Jlcetinir of Tho American Ajwoclatlon for Tliomcic 
Surgery, Quebec. Cnnaila. May 31, June 1. 2, 19-<8. 

From the I>epartmcnt of Rurfforj*. U. fi- Votemru* Hcmpltnl. Oteen. N. C.r published -R-Uh 
pemilMlon of the Chief Medical Director. Department of MetllcJne and Sur#rei7. Vetenun Ad- 
mlnistratJon. who nwaimea no reaporwlblllty for the opinions expreweu or conclujonfl ur^l^m by 
the authors. 
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Table I. Re\iew of AaiERicAFT Literature of Pulmonary Resections 1881-1948, 

Mortality Rate 


AUTHORS 

TOTAL NO. 

OF OASES 

OVER-ALL 
NO. OF 

DEATHS 

PER CENT . 

OVER-ALL 

MORTALITY 

NO. POST¬ 
OPERATIVE 
DEATHS 1st 

2 MO. 

PER CENT 

MORTALITY 
1st 2 MO. 

Composite of Thornton,!!* 
Dolley,20 and Behrend^i 

85 

34 

40 

Figures not 
obtained 

Figures not 
obtained 

Overholts 3 

196 

46 

24 

27 

14 

Bailey24 ,25 

129 

37 

29 

30 

23 

Sweets 0 

63 

21 

33 

9 

16 

Janessi 

32 

6 

19 

2 

6 

Clagettss 

29 

4 

14 

2 

7 

Striederss 

23 

4 

17 

3 

13 

Carr3o 

18 

7 

39 

6 

33 

Maier and Klopstocksi 

16 

1 

6 

1 

6 

Churchillss 

9 

1 

11 

0 

0 

Duncanss 

5 

0 

0 

0 

0 

Shenstone34 

2 

0 

0 

0 

0 

Total 

607 

161 

26 

80 

15 


In 31 of these, the empyema was tuberculous or mixed, while in the remaining 
19 the empyema was pyogenic. Bronchial fistulas developed in 6 per cent, 
and all of these resulted in empyema. 

In 1947 Overholt and his associates*® reported that the operative mortality 
for both lobectomy and pneumonectomy was then approximately 5 per cent in 
patients who were considered reasonably good risks, and 43.6 per cent in pa- 


Table IL Reviev of American Literature of Pulmonary Resections 1934-1948, 
Compilation of Spreads and/or Exacerbations 


AUTHORS 

number of CASES 

NUMBER OF SPREADS 
AND/OR 

EXACERBATIONS 

PER CENT OF SPREADS 
AND/OR 

EXACERBATIONS 

Overholtss 

196 

54 

28 

BaileyS4, 26 

80 

15 

19 

Sweetss 

63 

20 

32 

Janesss 

32 

5 

16 

Clagettss 

29 

8 

28 

Striederss 

23 

11 

48 

Maiersi 

16 

1 

6 

Brantiganss 

9 

1 

11 

Duncanss 

5 

0 

0 

ChurchiR32 

3 

2 

66 

Total 

456 

117 

26 


Table m. Review of American Literature of Pulmonary Resections 1934-1948, 
Compilation of Fistulas and Empyemas 


AUTHORS 

NUMBER OF 

CASES 

NUMBER OP 

EMPYEMAS 

PER CENT 

EMPYEMAS 

DEVELOPED 

NO. OF 

FISTULAS 

PER CENT 
FISTULAS 
DEVELOPED 

Overholts3 

196 

22 

11 

12 

6 

BaileyS4. 25 

80 

10 

13 

7 

11 

Sweetss 

63 

7 

11 

2 

3 

Janessi 

32 

6 

19 

4 

13 

Clagettss 

29 

3 

10 

2 

7 

Maier3i 

16 

2 

13 

0 

0 

Duncan33 

5 

0 

0 

0 

0 

: Total 

421 

50 

12 

27 

6 
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ticiils ivlio ivcrp very jioor riRks. Over ii jicriocl of years Overliolt lins been 
nlilc grnclually to rcdueo the mortality rate and the ineidence of spreads, 
lironchial fistulas, and empyemas. After he began to operate unth the patient 
in the prone position, the results improved. His ino.st recent report of re¬ 
sults until use of the faeo-doivn position and local anesthesia stated that 
sprcad.s or e-xacerbations occurred in 14 paticnls. or l.l per cent. Empyemas 
occurred in C per cent, and fistulas in 2 per ceni of operations. Sputum was 
converted in CO per cent of 104 patients in the senes, while the average rate 
of sputum conversion reported in the literature is 50 per cent. 

Prior to 1047 our experieneo ivith re.scction of the lung for tuberculosis 
had not been very extensive (Table IV). Vc had performed 2 pneumonec¬ 
tomies and 0 lobectomies for tuberculosis. Our operative mortality was 18 
per cent, and the late mortality IS per cent. Twenty-seven per cent of the 
(mtients developed spreads or e.vacerbnfions, and 55 per cent developed fistulas 
and empyemas. In G, or 55 per cent, the .sputum beeamo negative. Our ex¬ 
perience was probably worse than the average and we were not enthusiastic 
about resecting tuberculous lungs. 

In .Tune, 194G, the Veterans Administration Hospital at Otecn, N. C., was 
invited to participate in a eo-operative study to evaluate the action of strepto¬ 
mycin in the treatment of tuberculosis. At first the use of streptomycin was 
confined to the treatment of chronic draining .sinu.se.s and .selected cases of 
puhnonar.v tuberculosis. Re.sults in this grou]) have been reported by Brock, 
Parnell, and Jloyor .”'" 

In .lanuarj', 1947, this study was expanded to ovaluate the prophylactic 
effect of streptomycin during various surgical procedures for tuberculosis. 
Shortly after this study was initiated at Otecn, strcptom.vein became available 
at the V'estem North Carolina Sanatorium at Black Jlountain, N. C. Wo 
wi.sh to report at this time our results of pulmonurr' resection for tHboronlo.sis 
with the use of stroptom.vcin at these two imstitutions. 

The Streptomycin Committee established arbitrarily a dosage of 2 Gm. 
intramiLSCnlarly, divided into six doses daily, to be given one week before and 
two weeks after operation. This method was followed until October, 1947, at 
which time the dosage was cut to 1 Gm. daily, divided into two doses given at 
twelve-hour intciwals begun one week before and continued for two weeks 
after "operation. The reduction in amount of streptomycin was made because 
of the serious toxic effects and the development of resistance to the drug 
noted in the study on pulmonaiy patients being conducted simultaneoasly. It 
was desired, also, to establish the minimum effective dosage of this new 
therapontfo agent. So far ns we can judge, tlie smaller dosage has been as 
cfTcctive as the larger, and no toxic reactions have resulted from the three 
weeks’ course of treatment with either dosage. 

It was felt that the technique of pulmonary resection was fairly well 
standardized and that the experience of man}' surgeons demonstrated that 
th'p mortality and morbiditj' rate woiu nhnost piohibitive. It was agreed that 
these reports offered a sufficient background of experience with which to 
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coiiijtiivo tlic c*;ist*M. Ktn* thi'sc I'ctintuts it wits not tlcctiicd 

lirneticiil iiof fnir to the initieiits to run ii control t:roui> of ro.swtions without 
the UKc of .slrc|)tomycin. A further condition of the study wiis thnt iiidicn- 
tion.s for operntion Kliould not vory front tltosc in nse jil the rcsjtcetirc clinie.s 
hcforc streptomycin wn.s luscd. 

The e.riterin wliieh we h.ove tieeejtled ns indieiitions for re.section are ns 
follows: 

1. Keaidilnl cavity after thoracoplasty. Thirty-eitrht of the 85 re.seetions, 
or 45 Iter cent, were done for this reason. Of these, 45 jicr cent showed endo- 
hronehial disease. 

2. Pailure of more conservative methods of collapse therapy sneh ns 
Itneumothornx and jmcnmoperitonvtnn; I't eases, or 15 per cent of the total 
nnnihcr were in this catenory. Five of these jiatients had endohronchinl dis¬ 
ease; 5 Iind a hilar or a hnsal cavity. 

4. Tnherenlons hronehieetasis. Thirteen operntioiis were done for this 
reason, 

4. Destroyed Innp. Pnenmoneetoiny was performed under this indication 
in 10 ensi's. 

5. As an elective oiierntion in place of thonieoitlnsly; 7 patients were 
operated upon for this renstjn. \one had demonstrahle endohronchinl disease. 

G. Severe cud(dironeliial disease with stenosis. Three o)ternlions, or 4 per 
cent of the total nnniher. were performed for this lesion. 

7. Tuhcreulomn ; one operntion. 

Tn 40 ])cr cent of all resections, a preopernlive hronehnseo)nc examinatinn 
rcvenleel endohronchinl disease. 

All of these patients were operated upon under intratracheal anesthesia 
hy the closed circle anesthesia leehnique introduced hy Sword” in 1928. 
Cyclopropane, ethylene, or ether was employed; oeensionnily curare was nd- 
ministcrcrl if the motion of the dinphrapm inoved tronhlesome during opern¬ 
tion. Throughout the operntion the anesthetist kept the tmeheohronchinl 
tree free of sputum. 

At Oteen all patients were operated upon in the prone or Overholt posi¬ 
tion; at the State Sanatorium, heeanse of lack of equipment, all operations 
were done with the patient in the lateral position. Stre]>tnmyein was given 
intrnmuseulnrly, heginning one week hefore and continued for two wcek-s after 
operntion. It was not instilled into the pleural space. Penicillin was instilled 
into the iileurnl space hefore closure of the pleural cn'vity and was given 
, parentemlly in adequate doses following operation. Undoubtedly, this inea.s- 
ure has played an important part in the prevention of pyogenic infection of 
the wound and the pleura. 

All operations, except one in which technical difficulties made the use of 
a tourniquet necc.sanr>', Avoro done hy the individual ligation technique. In 
this patient the bronchi rvere closed indiAddnally and covered with pleura, 
hut later a fistula and empyema developed. In all cases the bronchus was 
closed with internipted sutures of fine silk or fine stainless steel unre and 
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covered Avith. a pleural flap, or alloAved to retract so that the mediastinal plem-a 
could be sutured over it. The Amssels Avere ligated -individually AAuth hea-ry 
silk reinforced Avith a -transflxion suture of medium silk. 

In all patients treated by pnetunoneetomy, the chest caAuty Avas drained 
for forty-eight hours. In the lobectomy cases, drainage Avas instituted and 
suction applied until the remaining lobes had re-expanded. Adequate amounts 
of blood Avere given during the operation, an average of 2,000 c.c. per patient. 
Blood A\ms given postoperatively as indicated. All patients Avere ghmn oxygen 
as required through an intranasal catheter. 

A feAV patients Avho developed atelectasis of varying degree Avere treated 
promptly by bronchoseopic aspiration. 

Seventy-four resections Avere done on 74 patients betAveen January, 1947, 
and May 1, 1948, AAdth the use of streptomycin as a prophylactic agent. Of 
these, 35 Avere lobectomies and 39 pneumonectomies. One of the 35 lobectomy 
patients (Table V) died from hemorrhage shortly after operation, a mortality 
rate of 2.9 per cent. There Avere no late deaths, and there are no patients Avho 
are not doing Avell at present. One patient developed a fistula Avith empyema 
and he is beitig treated by thoracentesis combined Anth thoracoplasty. A 
spread of the disease occurred in one patient, an unco-operative man, Avho 
developed a small contralateral area of pneumonitis six Aveeks after operation. 
This cleared in one month Avith streptomycin therapy and the sputum re¬ 
mained negative. One patient developed a progression of the disease sixteen 
months after surgery and Avas readmitted to the hospital. Another patient de¬ 
veloped tuberculous meningitis about five Aveeks after lobectomy, and has ap¬ 
parently been cured by the administration of streptomycin. In 92 per cent of 
the 35 patients the sputum became converted. Contralateral disease Avas 
present in 34 per cent, but Avas considered quiescent at the time of operation. 
Our immediate results are most gratifying, but Ave realize that as time goes on, 
there aauII probably be reactivation of the disease in some of the patients. 

Of the 39 pneumonectomy patients, 5 died, an operative mortality of 13 
per cent (Table VI). One patient died of uncontrollable hemorrhage on the 
operating table; one died several days after operation from the effects of 
cerebral anoxia caused by cardiac arrest, the result of severe hemorrhage on 
the table. One died of right ventricular failure seventeen days postoperative. 
One died of a contralateral spread of the disease. It is interesting to note 
that this patient had been given 2 Gra. of streptomycin daily for seven months 
before admission for operation. Undoubtedly the organisms had become re¬ 
sistant to streptomycin, and the patient lost the protective value of the drug. 
A fifth death occurred in a diabetic patient ten days after operation, immedi¬ 
ately folloAAung an attempted thoracentesis. A post-mortem examination failed 
to reveal any satisfactory explanation for death. 

Three patients, or 8 per cent, developed fistulas and empyemas. These 
Avere treated by thoracotomy and thoracoplasty. In 1 a tuberculous Avound 
infection dcA’^eloped after thoracoplasty. In 2, or 5 per cent, spreads or ex- 
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acerbations occuiTecl. One of these patients died, :is repoided previously; the 
other recovered Avith the continned use of streptomycin. 

In 32, or 82 per cent of the pneumonectomy group, tlie sputum became 
negative. This is I'ather remarkable, inasmuch as in 33 per cent contralateral 
disease Avas present, and in 17 per cent it Avas considered to be active at the 
time of operation. There have been no late spreads or deaths in this group. 
Here again Ave realize that eventually some of these patients A\-ill die of tuber¬ 
culosis. 

The 74 eases of resection of the lung Avith streptomycin are listed in Table 
VII. The operative mortality is 8.1 per^eent. There haA’e been no late deaths 
to date. In 5 per cent empyemas developed and Avere considered to be the 
result of fistulas. These Avere assumed to be tuberculous, even though the 
orgauLsms could not be demonstrated in all instances. In 5 per cent bronchial 
fistulas developed, probably from failure to maintain a tight closure of the 
bronchus. This fault in technique should occur Avith less frequency in the 
future. Spreads folloAved 4 per cent of the operations. There haA'e been no 
deep tuberculous Avound infections and only a fcAv minor Avound infections 
folloAving resection, and no late spreads or emp5'emas to date, but there has 
been progression of disease in one patient sixteen months after operation. 

In our eases the mortality rate has been reduced from 36 per cent to 8.1 
per cent; the rate of .spreads from 27 per cent to 4 per cent; the rate of 
fistulas and empyemas from 55 per cent to 5 per cent; and the rate of sputum 
conversion has risen from 58 per cent to 87 per cent. Ninety-two per cent 
of the living patients have a negath-e sputum. 

We feel that streptomycin has lieen the major factor in loAvering the 
mortality and morbidity rate in our experience. We frankly admit, hoAvever, 
that at the time Ave began the use of streptomycin Ave had not had a large ex¬ 
perience AAnth the operation of pulmonaiy resection, particularlj'^ in tubercu¬ 
losis. -We had not mastered the individual ligation technique. It is our 
opinion that improvement in operative technique and skill, improA’ed methods 
of anesthesia, the use of adequate amounts of blood, improA^ement in pre¬ 
operative and postoperatiA'e care, and the meticulous attention to details 
throughout the entire period of treatment haA'^e contributed materially to the 
improvement in results. 

We belicA’e that adoption of the OA'erholt position has been a definite 
factor in the reduction of spreads. In patients operated upon at the Western 
North Carolina Sanatorium Avhere the lateral position is used, there Avas an 
incidence of 14 per cent of spreads. At Oteen, Avhere the OA^erhold position 
is used, the incidence of spreads Avas 1.6 per cent. 

The fact that no patient developed senous Avound infection and none 
dcA'eloped empyema, except in cases AAdth bronchial fistulas, proves to us that 
protection against gi-am-positiA'e organisms is afforded by penicillin and 
against gram-negatiA'e organisms and the tubercle bacillus by streptomycin. 
In 25 per cent of the eases, particularly in eases of resection after thoraco¬ 
plasty, gross contamination of the pleural cavity has occurred due to rupture 
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of the cavity. We have not been able consistently to fi’ee these densely ad¬ 
herent Inngs without a mpture into the cavity. Yet in no instance has this 
accident resulted in empyema or wound infection. 

We are of the opinion that sti’eptomycin is a suppressive or bacteriostatic 
agent of proved value against the tubercle bacillus. It is not a cure for 
tuberculosis. In certain types of cases, however, it has proved to be of in¬ 
estimable value in eontrollitig the disease. It is too early for any one to at¬ 
tempt to assess its value in the treatment of tuberculosis. This caimot be 
done until several years have elapsed. From our clinical experience we feel 
that its chief place in the treatment of tuberculosis is as an adjunct to estab¬ 
lish collapse procedures. Streptomycin has made it possible for us to per¬ 
form a lobectomy or a pneumonectomy for tuberculosis -with a low morbidity 
and mortality rate and vdth excellent early results. 

If late results after pulmonaiy resection prove to be as gratifjdng as 
those after thoracoplasty, Ave are confident that the indications for pulmonary 
resection AviU be greatly extended. 
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DISCUSSION ON “STKEPTO-MYCtN AS AN AD.ItlNCT IN .SCRUICAI. TREATJIENT OF PUL¬ 
MONARY TODERCULOShS” DY Pit. D.VNIFL ,V. MULVIBIU., DR. LVURE-NCE MISaVLL, 
DR. ROBERT KLOP.STOCK, AND DR, JOSEPH BITSACK;* "THE ROLE OF STREPTO¬ 
MYCIN IN THE SUROERY OP PULMONARY TUDERCUIAfSIS ’' DY DR. PAUL T. CIIAl'- 
MAN, DR. E. .1. O’BRIEN, DR. PAUL V. O’BOUIIKB, AND DR. BRUCE DOUaLASjt “E.\'- 
PERIMFJv’TAL AND CTJ.NICAL STUDIF.S OF THE ROLE OP STREPTOMYCIN IN THE 
PUtURAL C.VVITY’’ by DR. IIIWARD J. BE-VmE, JR., DR. BRIAN BLADES, AND DR. 
CHARLES nORTON;|: “cO.MI’AItlSON OF RBSULTS LN TOO HUNDRED CONSECUTIVE 
RESECTION.S for pulmonary TUBERCULOSI.S’’ DY DR. CILVRLIS P. BAILEY, DR. 
ROBERT P. OLOVER, AND DR. THOMAS J. E. o’NE1LL;§ -VND “aN EVALUATION OF 
STREPTOMYCIN AS A PBOTECTDE AOENT IN PULMONARY RESECTION FOR TUBER¬ 
CULOSIS’’ BY DR. JULIAN A, MOORE, DR. JAMES 1>. JIURPHY, AND DR. PARKER D. 
ELROD. 

Dll. RICnAHD IL SWEET, Boston.—I avonld like to brbig forth nt least one dis¬ 
senting voice about something thnt has Itoon mentioned several times, namely, the nso of the 
fncc-dotvn position, because ns I ginncoil hastily at Dr. Mooro’a slides it looked to me os 
though my results—although it tms of course n mueli smaller serios—were not very much 
dllferent from thoso of Dr. Overholt nnd I have nlwnys used the standard position. I 
woold like to tell you n storj- which I bclicvo is pertinent. About two years ngo Dr. John 
Alexander came to Boston to visit both Dr. Ovorholt nnd mo. He spent one morning watching 
Dr. Ovorholt uao tbo fnco-down position, nnd then enmo down nnd had luncheon with na nt 
MnssnchusetU General Dospitnl. Ho snld thnt tlio fnce-down position had been used in 
siity-nbio ensea with only four cases of postoporatlTo sprend of Uio dlsenso. Dr. Henry 
Beecher, who was present, snld, “That is of great interest, because some yeors ago we pub- 

•See page 1 for artldo by irulvlldll, MIscaB. Klopstock, and Bltaock. 
tSce page IE for arUcIo by Chapman. O’Brien. OHourke, and Douglas, 

JSm page !5 for article by Beattie. Jr., Blades, and Horton. 

ISee page 16 for article by Bailey. Glover, and O'NellL 
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lislied the results on a series of 149 cases, witli eight so-called spreads to the other side.” Not 
being much of a mathematician, it seemed to me that the percentages were essentially the 
same. 

It seems obvious from listening to these excellent papers today, that streptomycin is a 
great help in getting patients through the operation, but I wonder just Avhere its place Ues in 
tile subsequent course. Therefore, I wondered if those of j'ou who heard the report two years 
ago based upon the nonstreptomycin series would be interested to know what has happened to 
that small group. At that time out of the lobectomy group of 27 cases wo iiad 13 patients 
who were perfectly well so far as we could tell. In the subsequent years 6 have remained 
well continuously; 7, however, developed reactivation at some time. Two of those were treated 
with streptomycin and apparently were restored to a comparatively normal state. Twelve 
of the original 14 are well today. Of the 17 patients in the original pneumonectomj' group 
reported as well 2 years ago, 14 are still well. That is, without streptomycin. 

DR. HERBERT C. MAIER, New York.—There are two jjoints tlmt I should like to dis¬ 
cuss. First, in relation to streptomycin and pleural absorption. I think it is important to 
bear in mind the degree of vascularity of the pleura, ns well ns the extent of pleural thicken¬ 
ing or scarring in interpreting absorption studies. From the pathology as described in the 
cases studied, it would seem that considerable vascularity of the pleura was present. I 
wonder, therefore, if the pleura is thickened and relatively avascular, whether the results of 
similar studies would not show quite a different absorption rate. 

The other point that I should like to discuss is the importance of very careful main¬ 
tenance of the cardiorespiratory physiology at the optimum level during operation and in 
the early postoperative period after pulmonary resection. In our experience, deaths pri¬ 
marily from cardiorespiratory dysfunction have been less tlinn 1 per cent, irrespective of the 
typo of lesion for which the resection was performed. In the early cases of our series for 
tuberculosis, spread of the disease was the chief difficulty. During the last two years I have 
had one postoperative death in those patients who had pulmonary resection for tuberculosis. 
I think that when pneumonectomy is done following thoracoplasty a very careful adjustment 
of the intrapleural pressure and position of the mediastbium is particularly important be¬ 
cause of the small space that remains. A slight increase in the amount of air trapped in 
that space may lead to what is called cardiorespiratory dysfunction, but which actuaUy is 
primarily a disturbance due to mechanical factors. I think that more careful attention post- 
operatively to the position of the mediastinum ns well as being certain that the patient is 
never anoxic during the operative procedure will reduce morbidity and mortality. I wonder 
whether studies have been done on the face-domi position on the operating table to determine 
wliether any anoxia occurs, because we must keep our patients weU oxygenated ns well as avoid 
spread of secretion to the other side. I think such factors may accoimt for some of the dif¬ 
ferences of opinion and differences in results. 

COL. J. 11. FORREE, Denver.—In a rather extensive experience in the use of strepto¬ 
mycin at Fitzsimons General Hospital, and with adequate quantities of this drug available, 
we have come to define the indications for its use essentially as follows: (1) As a selective 
measure in which it was believed that collapse therapy would not bo necessary to arrest the 
disease; this has included a very small percentage of patients. (2) To improve operability 
or to convert an unsatisfactory operative risk in need of surgery into a satisfactory risk. 
(3) As Dr. O’Brien said, as a prophylactic. lYe have used streptomycin preoperatively, 
during operation, and after operation, in all patients coming to thoracoplasty during the past 
eighteen months. Prophylactically it has been, we believe, of particular value in those pa¬ 
tients with large cavities who were otherwise good chronic risks, but in whom the danger of 
spread of the disease has been considerable. We think the spread of the disease has Ijeen de¬ 
creased by the use of streptomycin. In fact, we have oncoimtered spread of the disease in 
only one patient among a consecutive series of 78 subjected to thoracoplasty, in whom 232 
operations were performed. (4) We have used it for the relief of certain distressing symp¬ 
toms, such ns tuberculous cystitis or tuberculous laryngitis, in chronic far-advanced diseases. 
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Thotto jmticnt’< uljoni Imve foh we have eonrortctl from nn uii^ati^factorv rl.'k iiUo 
a sfttijifnctory on**, niid in uljom we have curried out thomropinsty, constitute npproxiruatcly 
|M'r cent Jti n fotul of 78 j)ntlcntj«, tn'ufeil 1)y thomcopliisly, with tlic aso of atrrptomycln^ 
A few inuHtrnti>'i.‘ enw In the Initcr Rroiij» will Ik* prcj»oatcil. 

Cask 1.—-A 29-year-ol(i A’rj;ro noMior wuh hospitnli^t'd Mny 15, lfM7, l>ecnuso of n 
tenij>eruture of 102* !•’. iijol u mihily proiliictlvo cough. lie \\‘n8 tmnaferred to FJItsimoiia 
(Jeneml Hospltnl Mny 51, 1017, nt u?»irh time itputum wnf< po‘»itivo for tulx'rculosis and Knhn 
reartion ntiH positive. Chest roeritgenognim revealed nii exuilativo inftltmtion tliroughout 
thn right lung uifh large tO rnt.) and /.mailer envitatiaa iti flu* rig/tt upper hlte nod orirlenro 
of nn extension in the loft Uiuer and right lower lung Helds, Htreptomvein, 2 Gni. dnily, 
mis given from June 15 to OcfolMT H, In Xo»'cfulK‘r n tulx'irulous Inrvnigitia nnd nn ul- 
cemtive pn*lohronrhinl tulH*r«'ulfisii« of the right upper lol»e orjfi'’e «ns dlngnased. In Novcni- 
Jtor Iho imtient wns nfehrile, pe»lin»eniaiion mie \vn« 25/00, nnd the exudative inflltmtion 
Mlutemlly hnd clenrcnl e<*n5ii]<‘ndtly hot the upper lolte cavity on tin* right remained. On 
IhH*. 4, 1917, sfn'jitomtrln thcnipy, 1 dm. *!aily. uos again starte<l. A M*vcn-ril> thomcoplnsty 
on the right wns ejirrie^I out lH‘t\\**en l)c<', 18, 1947, iind Jun. 30, 1948. Rtreptoniycin was 
discontinued ilnrcli 5, 1918, after ho hud rcceivt*«l 3.32 Giu. over a iH.*rit>d of 209 dnvfl. The 
sputum pttHlucfion Is uow nii nnd ni*gntive on ‘.incar uin! culton*. Xmy examination of the 
chest does not recettl erideitco of cnririit/nn. Within eight months from the time of ousof 
of illneps, (hameoplasty Iitid l>ecn completet). 

C.\aK 2.—-A 20-rcnr-nld A’eg^ro soldier was hospitnlited Xor. 10, 1945, boenuso of chest 
{•ala aud cougli. X-my cxaiiiiuation of the chest rcveiile<! a shadow of infiltration in tlic rigid 
middung fiohl and spntum nns iKc^itive for acid-fast l/ncillL On Pec. 11, 1945, he suffortxl 
a spontaneous pncuinotliomx on the right, nsr«*cinted with a tempemturo of 104® F. lie 
gradually fniprovetl and was u<lniittisl to Fitrsimons (TonemI n(*sj*ifoI Afnrrh 51, 194C. At this 
time he had lost thirty pouinl** in weight, was dyspneh* to a severe degree, and dnily tempera¬ 
ture average»l 102* F. Tin* patient uok phice»l on strepfon>ycm, 2 Om. daily, froni June 18 
to Oft. 18, 1940. lly January, 1917, there hnd l/e»*n con5i<h*rnb)e clearing of the JcsJods hut 
a cavity rcnminetl in the right ui»pcr lobe. The patient had received 210 Gm. of streptomycin, 
2 Qiti. daily, and ten dii.N’s Inter a first stogc thomcoplnsty was carried out. A four-Btogo 
teo-rib fliomcoplasty was coruplet(*d March 7, 1917, and sfreptom^rin was discontinued April 
1, 1947. He wnH given 152 Guj, of streptonixTin in the 'Dcond rounfc and a total dosago of 
568 Gni. A follow-up letter from Veterans Administmtiou stated sputum examination and 
gastric washings for tulK*r<‘Ie Ijncilli have lHN*n repeatedly negative, geneml condition Is good, 
and tho cHnlcjiI course sj-mptoni-frt'e. He lm*l l;e«*n a severe disciplinary problem nnd was 
dischnrgeil from tho VA hospital Jaa. 2.8, 19l.*<. Rixteeu months elapsed from tho onset of 
tho disease until tho completion of tliomeoplnsty, and ho ^^■n8 dischnrgetl from the hospital 
ten months nftor tbomcophiyir. 

Cask 5._A 25-year'Old wliilc soldier wnn well until April, 1947, when ho Imd nn acute 

onset of fever, chills, cough, night swent.o, nnd umlnisc. A roentgenogram of tho chest re¬ 
vealed nn exudative infiltration throughout tho left lung with cavitation of the left upper 
IoImj, and the sputum was po}*ili\*e for nci*l-fasl bncillL He ^vn5 ndmlttcal to Fitzslmons Gen* 
end Hospital Juno 22, 1947, nt which time ho wnB toxic, with daily torapomturcB of 100 to 
lOr F., and expectoration of M cupfal of sputum daily. On July 7, 1947, he iras started on 
stroptomjTin, 2 Gra. daily. After fonr inontha of such therapy there hnd been ratlier marked 
resolution of (he exudtitlvci element ns aotetl on roentgenograms, tempernture was normal, and 
sputum production hnd decreased to 10 c.c. per day. On November 19 he \uib started on a 
second course of streptomycin prior to thoracoplasty. Bet^veen Xov. 24, 1947, nnd Jon. 20, 
1948, n four-stage eight-rib tlioracoidnsty hnd l)Cen iierformetl. Strcptom.win wns dJscon- 
tinuoil nftor 228 daya of therapy nnd a total dosngc of 450 Gm. Tho poatojK-rative course 
after each operation was une^■entfuI and in April, 1948, the sputum licgntrvo ivith no 
e\-ldenCo of mvitntioa iiote<l on x-ray exniniimlion. From the time of onset of illness to 
completion of (liornooplnsly, nine months had elapsed. 
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We believe that streptomycia has its best use iu preparing patients for thoracoplasty. 
Wo believe, as Dr. Sweet has indicated, that lobectomy and pneumonectomy are very impor¬ 
tant, but we would like to reserve pulmonary resection, in general, for use in cases in which 
the cavities have failed to close after thoracoplasty. 

DE. EDWIN J. GEACE, Brooklyn.—Fleming and Florey at the outset of their vital 
contributions to the clinical use of penicUlin brought out one very important fact, and it is 
a matter of great regret tliat many Americans have forgotten this fundamental principle, 
namely, direct topical therapy. Anytliing that can enhance the efficiency of topical treatment 
is a very significant adjimct to antibiotic therapy. Enough experience has been gained to 
show that the development of resistant bacterial strains is today a very formidable clinical 
problem. (Slide.) The experimental evidence noted here shows how this dangerous phe¬ 
nomenon of bacterial resistance may be prevented. The bacteriologic phase of our work on 
the prevention of antibiotic-resistant organisms was done by my colleague. Dr. Vernon Bryson. 

If a broth culture of Staphylococcus aureus is inoculated with approximately 100,000 
cells per cubic centimeter, the number is found at the end of six hours to be 27,000,000 per 
cubic centimeter, and after a twenty-four hour interval of incubation the final coimt is ap¬ 
proximately 150,000,000. "When an equivalent number of cells is grown in aerosol O.T. 
(dioctyl ester of sodium sulfosucciuate), 1:25,000, the number drops below the inoculum 
size but evefituaUy at t^venty-four hours a titer of 13,000,000 organisms per cubic centimeter 
is found. When growth is in the presence of .02 units per cubic centimeter of penicillin the 
twenty-four hour viable coimt is 83,000,000 bacteria per cubic centimeter, most of which 
can be shoivn to be penicillin-resistant. 

Now a most interesting and clinically significant observation is made when we com¬ 
bine the detergent (aerosol O.T., 1:25,000) and penicillin, .02 units per cubic centimeter. 
The inoculum of 100,000 cells now faEs to 600 per cubic centimeter in six hours and at 
twenty-four hours no viable cells remain. 

This combination of penicillin and the detergent in which we obtain such a high de¬ 
gree of efficiency in the destruction of pathogens is referred to as synergism. The process 
of bacterial destruction is beyond the additative effect of the two therapeutic agents. Wc 
believe that in the application of basic genetic principles involved in the origin of bacterial 
resistance we may substantially diminish the frequency of clinical problems arising as a result 
of drug fastness in microorganisms. 

In some of the papers presented this morning the speakers refer to patients returning 
for follow-up after initially good results. Wliat really may be happening is the initial de¬ 
struction of drug-sensitive organisms as a result of selective eEmination by the antibiotic. 
The patient is then left with the clinically refractory “resistant strains.” (Slides.) As 
the slide demonstrates, when we combine the antibiotic and the detergent we destroy all 
organisms. Although this experiment was run for twenty-four hours from other data wc 
beEevo aU bacteria were destroyed in between six to twelve hours. With topical antibiotic 
therapy the clinical question of penetration of tissue is vital in order to effect good topical 
therapy. Consequently, we have on this second slide a demonstration of efficiency of the 
detergent in penetrating the femur of a rabbit. 

As a control, .3 c.c. of a 1 per cent fast green in saline is injected into the lower end 
of the bone. The penetration is very limited. However, if this same quantity of dye is dis¬ 
solved in a detergent, 1:1000 aerosol O.T., and injected in the same manner, the femur is more 
effectively penetrated, perhaps in part because of the Epophilic properties of the wetting 
agent. Using this principle clinically in many otherwise hopeless cases of suppurative diseases 
of the lung including pulmonary tuberculosis, we have effected a cure by the very conservative 
techniques of topical antibiotic therapy. 

The added experimental and clinical evidence we have acquired following a discussion of 
a paper on suppurative diseases of the lung at the St. Louis meeting, and from the papers 
rend this morning on the use of streptomycin alone, either locally or parenterally, strongly 
convinces me that antibiotics ivith detergents topicaEy, or as an aerosol mist, most certainly 
should be considered the method of choice before any form of surgical intervention. 
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o havo'norpr cicwdcd 50 to 00 Gm. of atreptomycin in thcjw cases and conscKjuently 
Iiod no pontmnent cightli non'o dnmafjc. Our experience in thomcic infections now oxcoeds 
fifty cnsca. 

Our profession should realize that \vitli llio iidvcnt of antibiotic therapy a now era of 
raediedno has dnwpctl. AH trentmont for infectious diseases, thoroforo, should bo promptly 
re-omluated in strict accordance >vlfh tho oripnol concept of topical therapy. 

DJt. LOUIS H. BAATDSOX, New York.—My remarks will bo confined to a proup of 
patients opemted uiwn at Sen View Hospital during tho year 1947. These patients re* 
reirctl streptomycin Imth preopemtlvely and postopemtively. Unfortunately, I nm not in a 
position to compare a similar series of eases In which streptomycin mus not given during tho 
same period. SercntV'Slx patients had major surgery. There were 59 cxcisional cases; 44 
pneumonectomies, 13 lobectomies, and 2 lobcetoniics with segmental resection. Of those 59 
cases, 51 patients undemont poslexeisloonl thoracoplasty. Fifteen patients underwont 
thoracoplasty procedures in stages; 1 patient had a thoracoplasty in stages u-itU a itonnldl 
intal>ation. Finally, 1 patient Imd a revision of a Schedo operation. Streptomycin was usu* 
nlly administered for a perio<l of two to three weeks prior to surgery. (1) Postoxcisional 
thoracoplasty patients, therefore, rccolvecl tho drug for threo months. (2) Those patients 
linving a conventional stage thoracoplasty* rcceixtsl the drug for a period of one and one- 
half months. (3) Tho^e patients who uaderuent a muscle splitting thoracoplasty received 
tho drug for two months. 

PmieiVin.—AH patients in tills series roceivctl penicillin. Tho drug is usimlly given two 
to three days proopomfively and ^rns continued until tlm tcaipemture rctumoHl to normal. 

/•rfistoncr.—Unfortunately, daring tlio year 1947, no studies of tho resistance of tho 
tul>ercle Imcillus were made, ^^ost ro|K>rfs indiento that resistance to streptomycin occtire os 
early as the thirtieth day. ^fosl of our p.atlcnts roceivctl the major portion of their surgery 
during this perlotl when tlio organism was sensitive to strcptomyciu. 

F.ffccti on —It uas noted that 35 p.aficnts had a reduction in l)Ofh cough and 

tho amount of sputum- In addition, (here seemed to Iw a tlii'^kening of the sputum. 

Kff^i on SinMSfs .—Streptomyrin was use«l in only (wo nises. Healing oecorred in one 
month In Imtii, No oonclu-slons couM Ik* drawn; however. It will be interesting to follow these 
rases and note If (lie wounds remain intact. 

Ejfcctn on Wounds ,—These 70 patients midcnveiil 1G5 operative procotlures; wound com¬ 
plications were rncounterctl in 14 cases. Tho tulfcrelo Imcillus was found on smear or cul- 
tnro in 7 eases. Onn must recognize that antibiotics have their Hraltatioaa. It may not bo 
amiss at this point to indicate (hat fnlelUgcnt surgical (echalquo is stIJI necessary. 

Toxicits .—Tho reactions noted were transient and were not of such n nature tJiat the 
djnig had to bo discontinue<l; tho most frequently encountered reacHou was vertigo. Twenty- 
four patients rovcalc<l some reaction. .\b a rule the vertigo disappeared oven fliough tho 
tlierapy was continucfl. In a few cases (ho vertigo jmrsisted and, oi>vionsIy, tho streptomycin 
was discontlooe<L Some of tho patients rrlateil that relief was obtained by tho use of 
Benadryl. Tills was not dcfioitoly controlleil. As a result, therefore, no nccumto figures can 
bo advanced. Tinnitus occurrcfl in 0 cjises; dcmmtoscs appeared in 7 eases; pniritis in 2 
rjurjs—itcUing was rcHovcd by tho administration of Benadryl; nausea and vomiting occurred 
la 3 eases; transient headaches were niniiifest in 3 eases. Three patients Iiad reactions suf¬ 
ficiently severe to require discontinuance of tho drug. 

rostoperaUve ^prend.—Because of varying criteria, it was finally decided to include 
in this group only cases in which the x-ray' findings persisted beyond tho immediate post¬ 
operative period. Five patients had a postopemtivo spread. Four of them, ho^vever, had 
nogativo sputum. In eases of mixed infection tuberculous empyonm there has been performed 
at Sea View Hospital 16 cases of complete plcurectomy and pnoumonootomy. It seems to us 
that streptomycin in these cases plays a spectacular and convincing role. This antibiotic, 
it must be stressed, is an adjunct only. It still must face tho test of time. 

UK. N. J. VHLSON, Boston.—I should like to presont tho figures from Dr. Overholt’s 
Clinic for 1047 for the purpose of emphnsiring some of the points brought out in the papers. 
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It seems tliat streptomycin nltliout any question is a very valuable antibiotic and lia§ made 
surgery upon the tuberculous patient, especially resection, much safer. We now use strepto¬ 
mycin routinely in both the pre- and postoperative periods in pulmonary resection. Just which 
patients should receive streptomycin for other procedures is not absolutely clear to us as yet. 
For instance, in the thoracoplastj' series we have used it only bi preparing the substandard 
risks and have done the standard risks without streptomycin. 

In 1947, there were 48 pulmonarj' resections performed, 39 pneumonectomies, and 9 
lobectomies. One contralateral spread and one bronchial stump ulcer in the pneumonectomy 
series and one contralateral spread in the lobectomy series have been the onl}' tuberculous 
complications in tliis group. Only one patient died of tuberculous infection. This repre¬ 
sents a definite improvement as compared with previous years, jn spite of the fact that most 
of these patients had inadequate streptomycin according to present concepts. These statis¬ 
tics gain significance when tuberculous infection as a cause of death following resection 
prior to 1947 is analyzed as follows: 

In the entire series of 276 resections performed between 1934 and Jan. 1, 1948, there 
have been 43 infectious deaths including postoperative and late; 17 occurred postoperativcly, 
and 26 late. The significant thing from the standpoint of streptomycin is that all these 
deaths except seven have been related to a postoperative complication. In other Avords, only 
7 patients have died of progression of old disease. If streptomycin can reduce these post¬ 
operative complications, which it seems to do, then the future of these people seems to be very 
much improved. 

DE. JEEOME E. HEAD, Cliicago.—Two factors have bmited the use of streptomycin 
and prevented an unbiased estimation of its value. These are the unknown factor of com¬ 
plications and the high cost of the drug. In most public institutions lack of funds has made 
it impossible to supply the drug for every patient, and fear of complications has demanded 
caution in its use. In order, therefore, to discourage the general demand for it, it has been 
necessary to exaggerate its dangers and to maintain that it was of value only in particular 
types of cases. In most larger institutions streptomycin boards have been established to ob¬ 
serve its effects and to choose the cases in Avhich it is to be used. Pne cannot escape the 
feeling that the conclusions reached by these boards us to indications, dosage, and interval 
betAveen doses have been seriously influenced by the monetary factor. Very often the members 
of the boards, even AA-ithout a basis of experience, became astoundingly adept in telling Avhat 
case streptomycin would help and what case it AA'ould not help, and also in telling from the 
roentgenogram precisely what type of lesion each shadoAV represented. 

I have never been able to do eitlier of these things. I felt sure, and am still convinced, 
that AA-itli so new a drug and so compUcated a disease, a priori judgments are imjustified. One 
is Avarranted in saying that streptomycin AA-ill or Avill not benefit any certain case only after 
ho has tried it on this particular case and has determined by experience that it has helped or 
has not helped. 

For the past year we have used streptomycin in every case. The results have been gen¬ 
erally good and generally unpredictable. Whereas over past years in our sanatoriimi avo have 
had an average of 25 deaths a .year, in 1947 there were only 9 deaths, and in the first six 
months of 1948 there has been but 1 deatli. 

Dr. O ’Brien said that streptomycin has revolutionized the surgical treatment of tuber¬ 
culosis. It has done the same thing for the medical management. Wo should all realize that 
no one of us any longer knoAvs anything about the amoimt of rest that is needed or about the 
indications for collapse. All of the old formulas and equations which we have developed so 
laboriously from experience have been made valueless becaAise there has been injected into 
them this unknoAAui factor. We do not knoAv to Avhat extent we can shorten the period of bed 
rest or in Avhat cases avc can disjiense Avith collapse. We must start over again and build neAV 
formulas containing this :it present unknoAA-n factor. For a certain type of case the old 
formula Avas: Six months bed rest plus four years pneumothorax =: cure. Today that 
formula is: ? months bed rest plus ? (? years pneimiothorax) plus streptomycin = cure. 
It AAull take some time to become reoriented. 
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i)K. CAMKK'OX IIATOUT, Ann Arlror.—The iiuln'atinjis for tr(‘iifnioii( in pnhnonQr^ 
fulxTcuItwIs nro rlmiiKlnp ns a rr?-ult of th.* iiw of Mn’plomyojti. Jn view of tlio limitxxi timo 
that Mraptoni^rin hnn nvnnnl-lo. it }« t»oim*wlm( tlini.-ult nt to cr}-»talllzo the 

nliMlnlo Infllejitioiifl /(»r t-ome of the fy|KN of (ivnimcnt. TIiIh !»Uiiiition fH-rtain.s to ])ulmonary 
rr^ection, nlwut which I aouhl hk»* tt* nmkc n few reomrkj^ ritnt'fmiii^; intiicationp and ira- 
mediate rejmlts in jmtientp wlio have r«t*r*ivpd utrepfomycln. 

There iin‘ nf pn’sent Ptriet i)>dica(iun*« for pulinouiiry le^th'iAJji with ufiicli mMt anr- 
h'eona nn** in npreenient. Tiieae con<i'«i of re^iidmil 4'n\itie:i after tlionn-opJasiy, popt-tubercu- 
loiu l)ronrhiectji.*Ia ailh p(»^itive h{>utniia "overe Iiroiichnp(eno5i>, and fiilteiTulomna. The pn- 
tIiMJta with acute cxudtitive iliacaye tanixt tuto u diflTerent in»li«*ntion, iimaniuch a.-* other njctlioils 
of treatment nn* u«util!y en‘r'cti\e. At the I’niveraity of Hn^pilnl wc ho\-o had no 

exi>erionco aith n^iertion in [mtiejitp aith acute exudative d»a^'rl^^c. 

Paring the jmat fifteen ntoniii* atrej»f4iniyciu liii? 1'4'en uM*tI jji coiijunctiou witli pnl- 
monarr rcaeetion in nlniopt nil of our «*asrj«. Our have alinun a distinct imprcrvenient 

In comimripon a*ith earlier repulta. We fjvl, hmwver. flint atn-jitoniycin Ima not lieen the 
folft renaon for the improved reaulfs. Imt rnilHT that uell-choaen iiniicntions ond improvcsl 
technique have ni?o played un important part. In ihn p«*rioil of fifteen montlia, pulmonarj' 
nvoction haa l>een done for fit) con.^'i-utive patient.-*, nil of wlioni prr>entc*l atrirt indicatioiia. 
It la too aoon to know the late r<''*ulfc, hnt tin- w.irly rebuilt* have l>o*’n encouraging. Is’n 
deatha linvo occurre*!. One .levc>|M|H',| n*^ n rei*ull of o}M‘nition in a patient witli nctive 

tultcreulous hronchitia with ateiuKts f*nd nn inflation cavity contniniiig retained accretiona. 
Two late pprendji ocmrreil, hut the •*prmids in all fhn'c ••at**'>. have cleared Pntipfactorlly. One 
patient develo|KNl an empyema and hronchinl flviuln. 

Streptom>x:iu proddc;* an odjunrt whi*-h helps purth’ulnrly. n* mentioned thi« morning, 
in tho profmmtion of patientj* for *ifKTution. Jt i< «li‘'iin*-fly u^-efiil after opomtion should 
eorapifentionit occur. e>ipecinJIy, JioneviT, »te f«x'i thnt the proper cJioico of ctiscs is tho 

important conpidemfion ot the present moment in the tn-ntnicn' of pulmonnry tuborcolnsip 
• l>y rejection. 

DR. RORERT G. BI.OCU, duengo,—t rliouM like to i.-nmrk on tlio domgc of slrcpto- 
mj-cin. There lm« been n recent l«‘n*lency to dccrea.«o the dosage to n fmetion of wlint wna 
prci»crll>e*l ddrlng tho cnrly period of fhi.>* thempy. The ei»i»cntinl rertions for this hare been 
tho great expenm* of the <Irug and the toxic mnnifcxtntionx n'sulling from tho larger dopes. 
It ii pofsildo that tho pmnlJcr doses such n* '-ii Om. *!nily are huOlcient for all therapeutic 
Purposes; however, ns yet no seientitlc proof for this hns boon ofTored, hut wo do know 
that not only do variants of tho tubercle bacilli present in most pntienta become strepto- 
mrein-resiidant under therapy Imt that some varinntn ore natnmlly resmtant before the 
beginning of treatment. The reactivations of disense after whnt scorns to have been 
snccesaful streptomycin tliorapj' prolmbly result from tho growing out of these resistant 
rnrloxits. As long m there is a posibility that larger doses pucJi ns 2 Om. daily may vigor¬ 
ously dispose of somo of tho orgnnisms which under snmllcr dosage would bccomo resistant, 
I recommend caution in rcKluciiig tho dosage, nt least during the first few weeks of treatment. 

Idke some others wo have lately lieon experioieiiling with pnra-aminosnlicylic acid (PAS) 
Tvhicli ^ras found by rx'hronnn In Swollen to bo bncterioatatic for tho tnJiercle Ixieillus. Whilo 
tills drug alono has a somewhat lesser elTect than sfn*ptomycin nloiio, tho two drugs giron in 
Oombination ha\*o exertwl a powerful linclorlostatir cfTcct in vitT^ and in vivo (iu guinea pigs), 
further experiments and trials will be necdo<I to establish tlie validity of tho results so far 
ohtalnod, 

DK. LAUnENOK AIISC.U/L, Non- Torli.—Dr. Cliurrlilll and Dr. Klopstock, in nn 
Orifilnn] pniwr, pointed out tlio dcsimbility of tlio ntmiclilforvvnnl approach with primary 
resection in the trentnient.of pulmonary tuborculoais. After Dr. Klopstock loft Dr. Churchill 
lie enmo to Trlboro nospltnl whore ho lini» liecn working for approximately tlvo year*. In 
tho lost year wc have followed Uiclr concept of the application of ciclaionni thempy and 
hnvo tried to select n continuous series of casno which seemed sultniilo for primary lobectomy 
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or pneumonectomy. "With, streptomycin given preoperatively for that period during which 
the patient continues to improve, and followed routinely by ninety days of postoperative 
treatment, we have in the last seven months completed 31 consecutive resections, 27 lobec¬ 
tomies and 4 pneumonectomies. There have been no deaths nor postoperative spreads. Two 
fistulas wliich occurred were promptly closed by muscle transplant. I think they probably 
represent errors in operative technique. All patients are doing well, but the long-term result 
I cannot predict. I think that in aU discussion of excisional therapy one point can be made, 
and I believe it runs through all the papers. Since primary resection offers not only maximal 
preservation of function but also an excellent possibility for cure, a greater effort should be 
made to use it as a procedure of choice. This can be done when the patients are very care¬ 
fully evaluated. The concept of Dr. Churchill and Dr. Edopstock offers satisfactory criteria 
by which this procedure may be applied. 

DE. O. C. BEAJSlTIGAlSr, Baltimore.—The papers are unanimous in the belief that for 
patients with pulmonary tuberculosis the use of streptomycin makes aU types of surgery much 
safer. Since the spread or flare-up of disease was most common wth pulmonary resections, 
the beneficial effects of the use of streptomycin in these operations has been most noticeable. 
Before tlie use of streptomycin, lobectomy was accompanied by less flare-up or spread of dis¬ 
ease and less morbidity and mortality than pneumonectomy. With the use of streptomycin, 
lobectomy for pulmonary tuberculosis is an extremely safe operation. It should be pointed out 
that if there is palpable disease in the remaining lobe or lobes perhaps tlie pneumonectomy 
is the better operation. Past experience has indicated that before use of streptomycin the 
patient who survived the pneumonectomy did not later break down writh tuberculosis; whereas 
a high percentage of patients who had lobectomy had recurrence of pulmonary tuberculosis on 
the operated side, anywhere from six months to two and one-half years after lobectomy. 
Streptomycin should be considered an acute treatment that will influence the tuberculosis 
infection but probably wUl not eliminate the bacteria. Streptomycin, therefore, probably 
will liave no influence on the end result of lobectomy for pulmonary tuberculosis. 

DE. CLAEENCE CEAFOOED, Stockholm, Sweden.—I should like to tell you that 
para-aminosalicylic acid, or PAS, is a drug that has been available in Sweden for more than 
two years for clinical use. It was the work of the Swedish scientist, Jorgen Lehmann, in 
1945, which made this drug available. We have used it in series, running it paraUel with the 
use of streptomycin, and we have found that PAS is not as effective as streptomycin 
in widespread acute lung cases and in cases of miliary tuberculosis and meningitis. 
AVe have also had small series in which we have first treated patients with only 
PAS and then with streptomycin alone, with little effect, but later with a combination of both 
drugs we have had quite good effect as Dr. Bloch stated. I think PAS is something that 
should be taken up very seriously for further study. Especially in cases of intestinal tuber¬ 
culosis we have found this drug to be of great value. Another fact of importance is that 
the use of PAS does not seem to have any long-lasting toxic effect. 

DE. hlULATHILL.—I should like to say a few words in relation to the use of strepto¬ 
mycin in the pleural cavity, as referred to in the experimental work of Dr. Beasley and Dr. 
Blades and his associates. I had a group of 4 cases, which time did not permit me to re¬ 
port in my paper, in which streptomycin was \ised in the pleural cavity in tuberculous or 
tuberculous-mixed-infected empyemas. These were closed spaces without broncho¬ 
pleural fistulas. The first patient was given 1 Gm. of streptomycin twice a week 
into the pleural space after evacuation of the thick pleural fluid. The strepto¬ 
mycin was diluted in 100 c.c. of normal saline. The 3 other patients were given the same 
treatment except that the dosage wms reduced to % Gm. diluted in 100 c.c. of saline three 
times a week following evacuation of pus from the pleural space. It was possible to sterilize 
all these pleural cavities of tubercle bacilli, in varying times. One was sterilized after twenty- 
two days of treatment, another in ninety days, a third in about seventy days. 

The streptomycin levels in the pleural fluid, taken forty-eight to seventy-t^vo hours after 
the introduction of the drug, varied greatly, from 10 to 160 millimicrograms; it seemed that 
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tho longer tho dumtion of the treatment tho fjrcatcr the concentmtion in the pleural fluid 
fit a fortv-eiplit liour period nflor introiluetion, filnialtancous bloo? Icrol* rnnfred from 5 to 
30 mlllinncrourani^ irrcfjjeetivo of (he plourul fluid concentration. 

I would nlso liK’c to refer to nnother Rfoup of 8 en^et* of old n'^idual ernpjoma apnees 
followinp flehede thoracopInBtic.^ with bronrhoplcurnl flatulns nnd pleurocutnneoua flatuloa. 
In tliC50 a method of treatment with rtreptomjxin wnt» uaed in wliieh the space was surgically 
unrorertsl, an«l In some the lung was decariiciite<l without further mobilization. They 

were then left widely ojmmi. (^Slidr>.> They were trejiteil with a inl?cturo of streptomycin 
consisting of 1 Om. of streptnmy»*»n and 4 dm. of <!r>* pljisujii powder. Tho open wonnds 
were dusttvl ilnilv with this mixture, nn«l in all cnM’s healing with clean granulations, snch 
as shown in this slide, was nehiiw»*<h These patients were not given parenteral streptomycin. 
In tiro rases w<* were fihle to gci nln^ad from this point anrl do a seeoudnry closnro with 
inimcdlntc healing. This nietho»l of trt*ntni«'nt hn.<» not I)een iircrioosly mentioned. Approci- 
nblo blotnl levels were not ohtninnbU* in patients with sln'p^oaiycin applied to open wounds 
by tlii.s method. 

DR. O’DllTHN.—1 would like to say one word nl*oul Dr. Dloch's discussion. Ho said 
that so far ns he knew there was no scientific dn(ii aenilal>Ie to warrant giving smaller doses 
of streptom}Tin, It is sclentiflo ciiougJi for me lo know that it is po.isible to get exactly tho 
*amo nnd possibly l>etlcr results with smaller do^e.s wjihout having cripples, hopelessly rnalmod, 
witli nerve involvements, following trentmept. 

DR. BEATTIK.—T think the suggestion (hat one reason we found high levels In 
scarTe<l pleuras was fhnf the i-n«cufnrify was increnM^I, is a goofi one. X think it might bo 
expected that sln'ptomyein put into the chest at (ho time of operation when now tissue spaces 
are opened and rmr is cot noross n»»uld more likely give higli lords than where there Is an 
old scar and strcptomjrin is put in by thorucentcsls. There is one other point that I think 
might bo brought out in the u>e of streptomycin in the pleural cavity; that is, since tho toxic 
ofToets MH’m to In' relato<l to the levels of streptomycin tliat are maintained, it would be well 
in putting streptoniyeln in tho pleural cavity to l>e sure to giro tho streptomycin intraplcurnUy 
between times when the intrnrousimlnr ilo^ arc given pnrenterally. If a parenteral dose of 
streptom^Tln roinridos with (lie intrapleural dose, one can mvj tliore would also bo high blood 
levels. MV intend to continue some of thi«« work to si'O wimt other pathologic effects may bo 
obtained with many rcpeateil intrapleural injections of streptomycin. 

DR. JriTRPIIV.—At Otecn iro linvo not Imd tho eiperJcneo reported by Dr. O’Brien's 
gronp in tho avoidance of tho necessity for surgery by tho use of streptomycin, We have used 
this agent ns an odjunet and, ns in the olhor reports this morning have L>ecn able to O 2 >erat 0 on 
a number of patients by virtue of the u.'*o of streptomycin who could not have been prepared 
for surgery without it. There arc so many other factors such as adequate blood replacement, 
improved pit'- and postoperalivo care, skilled anesthesia, and tho Oi’orholt position for resec¬ 
tion tlmt it is dilllcult to plnco an exact rnluntlon on stToptomj“cln, 

All our resections linvo been done at Otecn in the Ovorholt position. Me did not have 
tho now table, on display here in the lobby, and wo do not wish to dlscoorugo Its sale. As 
a matter of fact, wc liave just completed an order for ono of those tables. lYo did, hoivever, 
have an AJbcc-Compero orthopedic tablo nnd for about ten dollars wo were able qnfcldy to 
modify this tablo to tho Ovcrholt position. (Slides.) The first slide shows the modification of 
tho tablo iritli tho traction arms reversed. Tlio second slldo shows tho patient in position ready 
for surgery. 

Ono further factor of tho u.°o of stroptom>’cin needs emphasis and that is that the co¬ 
operative study conducted by tho Votcrana Administration has shown clearly that strepto¬ 
mycin does produce resistance if given over a period of several weeks. This resistance Is a 
factor of tho duration of dosage rather than tlio amount of dosage. For tills reason wo 
"honld bo caroful nnd avoid giving streptomycin to patients who do not require it, as in 
routine thoracoplasty, so that wo do not doprivo them of its protection If a resection is 
necessary. 



AN ANATOMIC APPROACH TO SEGMENTAL RESECTION 


J. Gordon Scannell., M.D. (by IN^^TATION) 

Boston, Mass. 

T echnical application of the principles of segmental resection has required 
a precise knowledge of the anatomy of the lung. As individual ligation 
evolved from mass ligature of the hilar structures, so the more elaborate and 
unhurried dissection required for segmental resection has developed from the 
uidividual ligation technique. Granted that conservation of normal lung tissue 
is desirable, segmental resection may, imder certain circumstances, be the opera¬ 
tion of choice. J\lanife.stly, the nature of the pathology involved or merel}" local 
technical considerations may preclude that choice. It is not intended here to 
measure ultimate gain against possible hazard in terms of increased operative 
time and difficulties with the carefully presei'ved remnant, but rather to con¬ 
sider segmental resection in tonns of the surgical anatomy involved and the 
growing body of knowledge in that regard. 

In 1939, Churchill and Belsey® argued that “solely as a concession to opera¬ 
tive technics, the lobe has loeen considered the surgical unit of the lung. The 
very name of the operation of lobectomy indicates the general acceptance of this 
concept. A lobe ^of the lung, however, is in reality made up of a cluster of 
bronchopulmonary segments.” It was recommended that, in bronchiectasis, the 
segment replace the lobe as the surgical luiit. 

The concept of the pulmonaiy segment owes its origin to William Ewart,’” 
Victorian physician and ])athologi.st, who, in 1889, ascribed to each lung nine 
primary “In-onchial districts.” As Boyden” lias pointed out, a distinctive fea¬ 
ture of Ewart's work was his recognition of the fact that “the lung must be 
divided into yet smaller regions (than tlie lobes) in order to attain simplicitj' 
in description’’ and furthermore that these “districts” represented anatomic 
entities. Ewart’s work suffered from a top-heavy mass of detail but remained 
the only accessible “information concerning the general arrangement of parts 
within the lung’’ until 1932. In that year Kramer and Glass’'* rediscovered the 
primary bronchial districts and applied to them tlie tenn “bronchopulmonary 
segments. ’ ’ Two years later. Nelson,’^ in. order to furnish an anatomic basis for 
postural drainage, descrilied their topogi'apliy. His-description was generally 
accepted in the Engli.sh-speaking medical world until, in the past five year’s, 
more extensive studies have led to its revision. From the most important of 
these (Jackson and Huber,’^ Brock,’ Boyden,^ Foster-Cai-ter,” Appleton,’ all of 
which arc in virtual agi’eement as to the disposition of the segments, the sim- 
jrlified schedule shown in Fig. 3 has been drawn up. The need for a generally 
accepted nomenclature is obvious. At present that of Jackson and Huber, based 
upon the position of the segment within the lobe, seems to be the most satisfac¬ 
tory. 

From the ilnssachusetts General Hospital and Harv'ard Medical School. 

Rend at the Twenty-eighth Annual Meeting of The American Association for Thoracic 
Surgerj', Quebec, Canada, Alay 31, June 1, 2, 1948. 
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Go 

AI(hoii^fii conHitlornljic work lias been done rcinli*\'c lo tlia l)roiiclnul aiintoiny 
of llic scpniciit, less material lias lieoii available c'oiieeniiiijf its vascular com¬ 
ponent. So loll" as tlioraeic .sni'pen" was concei'iicd eliielly with the chest wall 
and the loealir/ilion of (inlmoiiary eavilie.s. the need for delailisl information 
eoncerniinr the vascular nrrnn(;emeii1.s within the limt; was not Rreat. Uowever, 
as resection of luntt tissue underwent its technical devehiinnent, the need foi- 
more iireeise knowlcdftc ]>CPamc apjiarenl. The .stimulus to c.stend that Iniowl- 
edpe from lobe to .scfrmcnt enino with the 1039 paiier of (’hurehill and Belso.v, 
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Klff. 1.—SImpllftotl i*cho4ulc of tlio bronchopulmonno’ eesnienta. 


Itroriously quoted. At tliat time fiie precise anatomj' of the lingttlar bronchus, 
arterj’, and vein was descrilted in conjunction witli the technique of lingu- 
lectomy. r'urthermorc, the c.stciision of the Koncial principle of segmental 
resection was advocated and .siiceific sugpestion.s were made relative to the 
stiperior and basal segments of the lower lolics on the basis of experience already 
acquired. In subsequent yeais, segmental resection of the lingula and of the 
basal segmonts comsiderod ns a unit have become stnndartl operative procedure, 
finding particular application in the treatment of bronchiectasis. Other seg- 
monta than these have also been removed separately whore conditions have 
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■warranted, and have been reported from time in the surgical literature.’^'’’ 
T-wo such cases—one an anterior segment of left upper lobe, the other a medial 
basal segment of right lower—have been chosen as clinical examples for tlie 
present communication. 

These t'wo examples have been selected to call attention to certain anatomic 
studies in -which a method of precise description of intrahilar anatomy has been 
employed. There are few short cuts to master^’’ of “segmental anatomy” other 
than by way of the dissecting room and the operating table, and it is in con¬ 
junction with these that the source materials supplied by Boyden can best he 
appreciated. In an extensive series of dissections®’ ® this author described and 
correlated bronchi, arteries, and veins in terms of a prevailing pattern and 
common variations thereof. It is obvious from studying Boyden’s material that 
few anatomic rales of thumb can be set do-wn concerning the segment hut, on 
the other hand, certain fairly consistent pattern complexes are described that 
are of considerable practical value in planning resection of a given segment. 
Predictions as to the resectaliibb,’ of a segment wiU always be subject to modifi¬ 
cation by the anatomy and pathology of the local situation found at thoracotomy. 
However, accurate knowledge of the usual pattern and the common variations 
is essential to carrjdng out segmental resection when it is foiuid to he feasible. 

In addition to a presentation of the common pattern and variations therein, 
other aspects of Boyden’s work are of surgical importance. He has confirmed 
the fact that the segment, so far as the pulmonarj' arterial supply is concerned, 
is a bronchovascular unit, although at the level of the hilum the pattern of each 
component must be worked out individually. The pulmonary veins, on the 
other hand, are intersegmental in nature and more variable than the ai’teries 
in their patterns. The bronchial arteries, fortunately pose no technical problem 
at the level of the segment. 

Of special interest to the surgeon is the grouping of arteries to the right 
upper lobe into “recurrent” and “ascending” branches. The former are found 
in the course of an anterior dissection of the hilum where they are usually deep 
to the apical and anterior branches of the superior pulmonary vein. The 
“ascending” arteries to the upper lobe are to be found at the base of the fissure, 
where they spring from the interlobar portion of the pulmonary artery to 
supply portions of the posterior and/or anterior segment. Appleton,^ who 
introduced the terms “recurrent” and “ascending,” has emphasized the variable 
relationship of the latter to the interlobar division of the posterior vein of the 
upper lobe. 

In the left upper lobe, not infrequently a branch of the lingular ai’tery is 
found supplying the posterior ramus of the anterior segment (36 per cent of 
50 specimens, Boyden®). Boyden has considered this to be one of the anatomic 
hazards of lingiileetomy.^ 

To date, Boyden’s studies are “complete” only for the upper lobes, while 
the lower and middle lobes are at present under scrutiny. It seems probable, 
however, that the upper and middle lobes, together -with the medial basal and 
superior segments of the lower lobes, •will prove most amenable to segmental 
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resection. The disposition of the Imsnl segments mnkes didlcult their dilferenti- 
ntion, nnntomicnlly, rndiologiciilly, nnd .surgienUy. 

Cake J.~Thi:' firrt of tlio two cl»nion! cxniiiplcA (o In? roiwidcrcd wow a 35-76ar-ol(l 
lIOaw:^^vifo who, live month? prior to Q(lmii>5ion to tlio iIn?.‘.nrliuKotl« Oonfml Ilospitnl, had 
bocn ill with lunp ah?ccps (Fi^. Troulmoiit olHOwlipro hn<l coiiHisfftl .*f lied re?t. jjcnernl 
?iip{H)rt1vc tliompy, nnd npro'^ol nnd intninuierulnr ponirillii). jNyniptoin? of l■ou;,dl. licmopty?!?, 


Flff. 2 (Caii<* 1 ),—PoatcpoanUTlor nnd latoial ninu* tokm at the time of the r>atlcnt'a 
ncule lO'mptonifl of Ion/? nbsc^Hi?. Thf- anterior vjmionl of iho )«-ft uppor lobe Is clearly out- 




■'Tfij 


Hr. I (Case l).—Portcroantorior and lateral niro* that demonstrato Uie per#l»tont thln-wallod 
caWty locnlliod to anterior eocment of left upper lobe. 
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and fever liad subsided, but x-ray examination showed a large, thin-walled cavitj' to persist 
in the anterior segment of the left upper lobe (Fig. 3). Operation was advised on the basis 
tliat this represented a potential focus of severe, recurrent infection. In view of the localized 
nature of the disease, a conservative resection was proposed. 



Fig. 4 (Case 1).—Tlie extent of the anterior hilar dissection at the time of operation. 
Division of Uie anterior segmental veins afforded access to the lobar bronchus. The anterior 
segmental arterj’ and bronchus were divided after retraction of the apical-posterior vein. 



Fig. 5 (Case 1).—One year postoperative. A linear scar Is apparent at the site of resection of 

the anterior segment of left upper lobe. 

At the time of thoracotomy, adequate exposure was obtained by resection of the sixth 
rib. The pleural space was observed to be free of adhesions except over the anterior segment 
of the left upper lobe, and these were readily divided by sharp dissection. The remainder of 
the left upper lobe appeared essentially normal. The obbque fissure was anatomically complete. 

Dissection of the hilum at the base of the fissure demonstrated the lingular artery, 
which, in this instance, furnished a small branch to the posterior aspect of the anterior seg- 
pient. The arch of the pulmonary arterj' was followed upward over the left upper lobe 
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!)ronehui iind nrtorial branrlio? (o npifnl-po^lerlor niiil nnforior pcfrnifnta n<'<'iirulelr Identified 
(Fjj;. *1). All llic pulMlhij^loiia of tlio hU|>crior pulmonnn* vein, binif on the niitorior nffpoct 
of the litluni, were cxpoft>iI nod the npirjil-p(»s(ori«r vein wns retmct*‘<l upwnni to n/Tonl 
ncce«» to the unterior pe;;Tni*nfol nrterv. The nnterior >*efftiientfil Iminclies of tlio vein were 
dmilctl, one Inrpe lynjpli ncnle diw'eof*'.! out of the erotch of the np|>er Jobe broneluw, and 
the truiferloT divinlon of tlii.-^ Iinmehni expownl. After ilivinion of the anterior hegnicntnl 
nrtcrj-, the auiK'rior bronehinl dUisicui eoiihl l>e followed outward to itfl I>ifumition into 
nnterior nnd njdrnl-jwslerior bninrlu'.'t. The nnterior bninrli wan gently orrludwl mid, by 
inflation of the Iiing, demonKtmf^Ml to 8U|iply tlie nren of dim-aw*. It wna tlierefore dividetl, 
elfW'il with interrupted fine hilk Mitures, nnd, nfter incision of the pleura nlong the line 
deninrmfe<l by Inflation, the wgnient lennwei] from lielovv upwnni without elnnip^A" A few 
heincwtntic nn<l nerohtntic suturt's of fine 8ilk were niH'csjmry. The ucdgi'-slmjjed defect in 
the lolte u'nn closed by approximating the jip|H*r mrface of the lingula to the npicojuj^fcrior 
K*gnirnt, n nmnouver that c(jvere«l the brimeliial stump with nnnnnl lung. 

Posiopenitivelr the patient expanded the left upper nnd left lower lobes well, both 
clinically nnd by x*ruy. The latter revealed n circumscril>ed area of density in the region 
of the resrelion which was interpreted n** probably heinntomn, i>ossibly infarction. One 
year Inter this wns dtunonstrated ns n Imnn unn ( Kig. ('linic'nlly, the patient is well. 



Fifr. 6 (Cnee —Poxtoronnlcrtor bronchoirrain (lenionsfratlnfr broncJiloctasls Jn medial 
scKmeni of rlRbt mlddlo lobe, medial hasnl scCTmfil of right lower, and Inferior Ilnffular Mo¬ 
ment of left upper lobe. Tlds locallxntlon was confirmed by u right lateral view nnd right and 
left oblique views not shown. 

Case 2.—TJio sei‘ond example was that of n 1-l-yenr-old schoolgirl with bilnteml bronrhi- 
ectiisls, Sinco the ago of yt*nrs the patient lind bceu prey to frequent bouts of upper 
respirator)' infoelion, wliicb had l>ccoiuo almost continuous. Sho misetl, on the average, one- 
half to one "cup” of yellowish, tenacious sputuni dnlly. 8ho had nmiiaged to keep up at 
school, but bore many of the psychologic stipnins of tho disease. 

Plain films showed Inlntoml disease in Ixith lower lung Adds. A bronebogmm demon¬ 
strated bronchiectasis in f/ic itie<Iial ^vgnient of the right nilddlo lolx’, the mcdinl basnl seg¬ 
ment of the right lower lobe, nml Inferior Ilngiiln segment of the loft upper IoIkj, No disease 
could 1)0 demonstrated in tho basal ECgments of tho left lower lol>e. 

Prior to oporution, bronchoscopy ^vns carried otit. A normal right upper ]ol)e orifice 
was inspected throngh n right-angla Jena and n trifurcation v-isunlited. The mucosa almut 
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the middle lobe orifice -(vas somewhat tluckened and considerable mucopurulent sputum could 
be seen coming from it. The orifices of the superior segment and basal segments of the 
right lower lobe were normal except the medial basal orifice, from which considerable pus 
exuded. The left bronchial tree was examined and no abnormalities were noted. 

A 

After suitable preparation, a right thoracotomy was performed. Eesection of the 
sixth rib gave excellent exposure. The pleural cavity was essentially free of adhesions except 
at the anterior tip of the middle lobe. The fissures were well developed except for anatomic 
fusion of the anterior half of the minor fissure. A middle lobectomy was carried out. 
The line of demarcation between middle and upper lobe was demonstrated by inflation, and 
the lobes were divided by stripping from below upward. A small aprou of pleura was 
fasliioned from the middle lobe to cover the resultant raw area in which tliere was no .signifi¬ 
cant bleeding or air leak. 



indicated by a broken lino. 

Attention was then directed to the lower lobe wliich appeared entirely normal except 
for a collapsed, inelastic medial basal segment, wliich lay just anterior to and beneath the 
pulmonary' ligament. Tlie dissection was started along the pulmonary artery and the large 
anterior basal branch to the lower lobe demonstrated (Fig. 7). Springing from its medial 
aspect was a sizable branch that supplied the medial basal segment. This was divided. The 
pulmonary ligament was divided up to the inferior pulmonary vein. Tliis lay in the plane 
betu'cen medial and posterior basal segments, and no surface tributaries from the medial 
basal segment were observed. The anterior surface of the vein was exposed and a few 
branches crossing this plane were divided and ligated. Tlie medial basal bronchus was then 
readily exposed as it emerged from beneath the pulmonary artery. The bronchus was divided, 
closed nith interrupted silk, and the segment readily stripped from the remaining basal seg¬ 
ments of the lower lobe. There was relatively little bleeding and no air leak. The resulting 
defect tended to fold over on itself and few sutures were required. The bronchus lay covered 
witliin the substance of the lung. 

The patient’s postoperative course was satisfactory, with excellent expansion of both 
upper and lower lobes. 

Ill the two cases selected, the indicatious for segmental resection seemed 
clear, and the local situation, particularly -ndth regard to the completeness of 
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tlip flssiiifif mid lack of acuto iiiflaniiiialioii, favoialilc. In liotli, tlic anatomic 
imttoms Avcro straightforward. 

In t)ic first ease, the milorior origin of the arteries wa.s as exi>cc(ed. .Ac¬ 
cording to Boyden and Hartmann, llic artery to tlie anterior and lateral irortions 
of the anterior .segment arises eonsistenlly from the pais anterior of the left 
pnlmonarj- artery. In ahonl one-third of speeimens, as here, the apical artery 
also ha.s an anterior origin. The hranching of the superior pulmonary vein Is 
worthy of comment, first in regard to the anterior and iTlatively snpcrfieial 
position of its hranches, and second, in regard to the pi’esenee of two hranehes 
to the anterior segment. 

, In the second ease, the aeee.s.siliility of the inilmonary artety ns it lay on 
the anterior asjieet of the right lower lohe was striking. The lelation of the 
mislial ha.sal .segment to the pnlmoimry liganieni was in accord with Brock's 
de.seription of the “cartline" segmi'iit. It is this segment that foriiLs a .separate 
“eardine" lohe in most (piailrniiisl.s, and in man is not infretpiently markiHl 
hy an incisure (24 jier cent),* In the ease ileserilied, its relation to the inferior 
piilmonarA- vein was the key to the situation. 


SUMMARV 


1. The signifieanee of tlie hronehopnlitionmy segment ha.s heeii reviewed 
with reference to .segmental resection of the lung. 

2. Becent .studies of hronehova.senlar anatomy have been diseti.ssed. 

3. Segmental rcseetion of the anterior segment of the left upper lohe and 

medial hasal .segment of the right lower loI«' have 1.. presented with illiistni- 

tive eases of each. JOmphnsis has las’ii laid on the prohleins of .surgical anatomy 
involvetl. 
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DISCUSSION 

DE. EOBEBT KLOPSTOCK, Jamaica, N. Y.—I have been fortimate and privileged 
to be associated with Dr. Cliurchill from 1939 to 1942, and to carry on studies under his 
guidance and stimulation, on the surgical pathology of the lung. These studies revealed, 
among others, that the distribution of the chronic surgjical diseases of the lung—including 
chronic tuberculosis-—has corresponded with the bronchovascular segment of the lung. 

The localization and the radiographic analysis of pathologic processes in the chest 
could be improved greatly by using body-section radiography in the anteroposterior view. But 
even this method fails to demonstrate clearly the segmental and lobar distribution of the 
pathologv' present because it does not resolve the overlapping of the bronchovascular segments 
as visualized in the anteroposterior plane, for tlie branching of the bronchovascular structures 
takes place, rather, in the sagittal plane. Therefore, the lateral body-section radiography 
was devised by Mr. J. L. Mathias and myself in 1943, and has been used since at the Triboro 
Hospital, Jamaica, N. Y. Each patient considered for any type of surgery for disease of 
the lung was hence tomographed both in the anteroposterior and in the lateral view. This 
method was found most satisfactorj' to reveal pathologic conditions of the chest and of the 
lung in particular, with a clarity not previously achieved, as follows: (1) Hidden hilar and 
parahilar pathology. (2) The lobar and segmental distribution of chronic pulmonary disease 
witli particular attention to the apex of the lower lobe, the middle lobe, the lingula: (a) in 
cases of tuberculosis the information necessarj^ if lobectomy has to be considered vs. thoraco- 
jdasty or (b) in most carefully selected cases if lobectomy with resection of adjacent dis¬ 
eased segment has to be considered, or (c) if re.section of a diseased individual segnrent alone 
is considered, (d) in cases of bronchiectasis both obviating bronchography in many instances 
and delineating the involved segments to be resected individually. (3) The relation of the 
site of the disease to the fissures, also with particular attention in cases of pulmonary tuhor- 
culosis if lobectomy has to be considered. (4) The demarcation of the relative volume of 
lobes involved and uninvolved by disease ndth particular attention to the pathophysiologic 
considerations. (5) The differentiation of a given intrathoracie pathology as to its localiza¬ 
tion in- or outside of pulmonary parenchyma. (6) Possibilities in the study of coarctation of 
the aorta, patent ductus arteriosus, arteriovenous fistulas of the lung, aneurysma of the great 
vessels. 

Having this information of a more correctly interpreted pathology, a planned outline of 
the respective surgical procedure can be drawn. (Slides.) 

DE. EICHAED H. O^'ERHOLT, Boston.-—I am sure a great manj- future patients 
suffering from bilateral pulmonary disease null appreciate the help they will receive because 
of the surgeon’s abilitj- to remove segments. They will unconsciously thank such pioneers 
as Drs. Churchill, Belsey, Boyden, Blades, Nelson, and Scannell, who has again brought 
this important concept of treatment to our attention. 

When we first became interested in segmental resection, it was applied only in patients 
suffering from bilateral disease, for in them any loss of functioning pulmonary tissue, might 
compromise a satisfactory result. However, as time went on, with greater knowledge of the 
anatomy of the various segments and improved teclinique in developing the intersegraontal 
plane, which resulted in fewer complications, it has Ireen possible to utilize individual seg¬ 
ments as the unit of excision in certain cases of unilateral bronchiectasis and in other condi¬ 
tions as well. 

(Slides.) I should like to relate circumstances in one case which will illustrate why it is 
important to limit tlie resection to segments when possible in unilateral disease. Recently 
this patient presented himself with a giant cyst in the right lung which had caused almost a 
total collapse of that lung. Upon exploration, it was found that the cyst represented a check 
valve mechanism in one of the subsegments of the upper lobe. The resection was therefore 
limited to that subsegment and you wiE see (slide) the appearance both before and after the 
removal of the subsegment which contained the cyst. In the next film (slide) you wiU see 
a routine follow-up x-ray view which was taken when the patient reported to his doctor six, 
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monthjc Infer. At this finio nn nbn<irnml ntindnu* wni* founil in the left tipper lobe tvhidi turaeil 
out to 1m> n jirinmn.* niroinnnm. If we Iijul oriprinlly iiwd n IoIk' for fho unit of cicisioa 
In the trcntnient of the «\V5l nn the ri^'ht. wo would hnvo rlosi^l the door to tfMttnicnt of the 
rnrelnoDin wlileh f«uIi}4H]nently devclnjN^il in the loft lunp. 

Omdunlly tho prlneiple of w^incntnl oxcljlon hns been exteudoil (o includo almost every 
one of the ciKhleon iK*fnuenti*. It linn lns*n possible to romovo them individually or in ^oups. 
In this slide are illuslmfed \*nrjons which Imvo boon removed and tho condition for 

which tho opemtion w'ns |K?rfomieii—hronehieefasis, tiilioreuloma, solitnry tuliereuloua cavity, 
nietnnfntip tumor, nbsross, cyst, nnd lK>nii;n tumor. 

It is timely to project a thought about sepiientul resection in tul)orcnloals. Not 
infrequently tlie hujH’rlor pepment of tho lower IoImj is found to 1x3 involved when exploration 
is done for upjK'r lolvc disease. In thnt event it is preforablo to inelmle that sofjemoiit In tho 
resection with upper lobectomy rather than nlmndon resection or resort to pneumonectomy. 
"Wo have also had occasion to do a more limited resection than previously planned. A superior 
or posterior segment may contain all the press tulH3rrulosl8 disease and a scpmcntal resection 
may suffice. It Is loo early to eomnicnt on eml results. In tuberculous subjects the resection 
Ims l)ccn liraltoil to P4'pmenta in nine cases. From this early exTKJricnce It would seem that, 
in the future, segmentnl re.'jcclion will have rv deflnito place. 

DU, F. A. HUGHES. Memphis.—I Imre I'oen interested in w’pnicntal resection nnd also 
a combination of ptreptomycin ami re^wtlon, nnti I l»olieve it stands a porxl chanco of greatly 
improving tiu* (n^alment of certain ca-scs of tuberculosis. Recently, wc have done three 
segroontnl resections for fulkerculo.’ls. W’c And in some ca-nes it is prcfoniblo not to do the 
usual Initial lillur dls.«<x’fioa of tho sepnient, but to start tlio dispoction of the pathologj’ 
iwriphomlly. In contrast to hronchieetAsIp, It is usually possible to domonstrute at the 
ojtomting tuhio the extent of the lesion. R4.'cently wo resectetl tlm ivosterlor-aplcnl and 
anterior segment of the up|s?r 1 o1m 3 nnd the superior ecgnicnt nf the lower lobe. TIio cavity 
in tho suiK’rior segment was dnqKvl o\er tho niicr}* to the Imsal scgnients, TJio patient 
surprisinply had an airtight remnant after tho operation and lias made an uneventful rt?covery 
to date. Appanmlly selective resection, with the protection of streptomycin, will hasten 
reeoNTr)' nitliout the necessity for ns extensive or as radical iv tlmnicoplnsty. 

DR. OSEKU AHHOTT, Athinta, Gn,—I want to mciuitm one tiling wlilch has been 
under discussion in segmental lesection, that is, closure of the (lefect on the left. Mliea wo 
wore fir»t prosonto«l with this JuetlKKl, conSHlomblo disrussi'-u ara'«o in regard to tho iuetho<l 
of clo.^urc. If n cleft W'oro left so that (hero wo-s n (cnden<y for tho lung to close without 
distortion, that sliould 1x5 done. Others feel tluvt it restricte*! pulmonary activity. I have 
been disappointed with flbrin foam nr any conguinting material in tho cavity, bccanso of an 
occasional instance of dotting hemothorax. I wtw very mu»'h opposed to leaving a raw area, 
and have done guln'equont series with and without closure of tho raw area. I think with the 
surface exposed groat attention should bo paid to pulmonan- function, and it seems to bo 
Improved when no attempts are made nt closure. Also, other rcnminiug segmonts should bo 
sutured to the remaining Intact lolx?, above in order to present rotation of tho preserved 
Bogment \ritli associated obstruction to tho segmcntnl bronchus. 

DR. ARTHUR 8. AV. TOUROFF, Now York.—TIio prert-ntutiuu that wo have just hoard 
sots forth in dotail a mctliod which permits us to correct not only a number of conditions tliat 
occur spontaneously, but also several tbat follow tnK*ration. I was particularly inloroatcd in 
Dr. ScannelUs paper from tho vimN-point of correcting somo of tho poor results which w« 
havo had following surgical treatment of nbtn'css of the lung. Prior to M orld AVnr U, Dr. 
Neuliof and I publlsltcd a series of pajmrs concerning tho aforo-nxintioned subject and it 
was our impression, baf-cxl uixm tho foUow'Up obnorvatlons thnt wo luid made up to that 
time, thnt early operation In cases of acute putrid pulmonaiy abscess was almost invariably 
followed by prompt and iwrmnnent cure. Recently, I reviewed nil of our material and found 
thnt wo liad operated upon J54 patients ^vlth ncoto putrid abscess of tho lung prior to 
Jan. 1, 1043. There w’cro 4 operative deaths and IGO surviving patlouts. Forty-two of the 
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latter could not be followed for the minimum period of five years, which was set as the 
basis of the study, and therefore were eliminated from further consideration. This left 108 
patients who could be followed for at least five years. Of the 108 cases, 93 are well. How¬ 
ever, much to our surprise, there were 15 patients who were left with residual postoperative 
pulmonarj' cavities or bronchiectasis. It came as a distinct shock to me to learn that 15 of 
108 survimng patients were not cured. Wliile not all of the 15 patients presented symptoms, 
they all had demonstrable, localized structural changes in the lung. Accordingly, I would like 
to retract the statement which I made prior to the War, to the effect that early operation 
in cases of acute putrid pulmonary abscess almost invariably is followed by complete and 
permanent cure. This was an error which was due to the fact that our period of follow-up 
observation was too short. Dr. Scaunell has emphasized the value of segmental resection, 
and I think that tlie latter offers us a simple metliod of correcting some of the poor results 
that we have had following the surgical treatment of certain types of pulmonary infection. 



A TECIINIQUK FOE PUIAtONAEY SKQJIENTAL DELINEATION 

Laotence H. EunENSTEi.v, M.D.* (by i.wtation), TnoMAS J. E. O’Neile, 
Hr.D.t (DV IN-nTATIO.V). AM) IfoUMlT V. 6lA)«:n, ^II.D.t (HY IN-MTATION) 
I’liii^vpEU’iHA, I’a. 


P UL3IONAEV siiif'ery Im.s made rajiid and .steady ])rosrcss feom the earlier 
dnATf of large nias.s ligature of hilar slructurcs to this day of careful seg- 
inental dcliueatioii and reseetiou. A clearer uuderstaniUiig of the anatomic 
relationships of lung structures, more retlued surgical technif|uc, and better 
ancslliPsia have nil nidcf! in this progressive trend. 

Broucho))ulmonary segments of the lungs are clcar-eut entities, well 
dettcribed and recognized. The widely adopted nomenclature of Jackson and 
Iluher’ is becoming more familiar anil clearly dcflnas these segments (see Fig. 
1). The segments have their independent hilar hronehovnseulnr structures 
which resemble the main hilar struetures of the lung. Thus, the left lung has 
two main loltos, the ujiper and lower. These are further subdivided. The 
upper lobe hears the following segments; an niticoposterior, an anterior, and 
the lingula—the homologue of the middle lohe (which is further divided into 
an inferior and suiierior division). The lower lohe gives otT a superior seg¬ 
ment, and four basal segments; anterior, imsteiior, medial, and lateral. 
Similarly segmented is the right lung, which has an upper lobe, middle, and 
lower lohe. The tipjier lohe Is divided into three segments; the apical, 
anterior, and jtosterior. The middle lobe is dinded into lateral and medial 
segments, while the lower lohe gives off a superior segment and the basal seg¬ 
ments—anterior, medial, lateral, and posterior. 

Pathologically, these segments may be a localized seat of infection. 
Bronchiectasis very commonly is eonllned to segmental di.striliution. Pul- 
monarj’ abscess, c^attie disease, and tuberculosis may be located essentially 
within a bronchoiiulmonary segment. Pulmonary disease is frequently bi¬ 
lateral and since wo arc primarily interasted in ciTecting a cure with mini¬ 
mal sacriflee of good functional lung tissue, a careful study to localize the 
disease i)roce.s.scs within i)ulmonnry segments is of prime importance. Bron¬ 
chiectasis, for example, which is so commonly a segmental disease with 
bilateral distribution, should bo studied by careful bronchography. It will be 
found that the most frequently infected segments are: (1) on the left, the 
lingula and the basal segments of the lower lobe; (2) on the right, the middle 
lobe and the basal segments of the lower lobe. Thus, the superior divisions of 
the lower lobe bronchi can often he saved, which is a sizable area of good 
functioning lung tissue. Similarly, it is often found that only a portion of the 
basal segments shows iiathologic change, and again, it is important to save 
ns much good lung tissue ns possible and to remove only the areas of pnthol- 


Oi?y. 

TliJa paper wnp nrfdea lo the official prOEmm of the TVcnty-elirtitJ) Annual MeeUns of 
Tlie American AlwocInUon for Thoracic Surucry, Qaobec. Canada, May 31, Juno 1, 2. 1B48, 
becauBC of Its pertinence to the ttcnenil subject of aopniental aurpery.— ^df/or. 

•Now Clinical jtaolstnnt. Department of Sursciy, Michael Beeso Hospital, Chlcayo, Ul. 
trvom tho Division of Thoracic Surperj', Hnhnonionn Slodlcal Colloffe and Hospital, Phila¬ 
delphia. Pa. 
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Until recently the techniques for resection of isolated pulmonary pathol¬ 
ogy have been very crude. The3’- have consisted for the most part of a “clamp- 
cut” method across pnlmonaiy tissue, only iiresumed to be anatomic. This 
technique is associated vdth many disadAmntages. In the first place, often, 
either too much or too little lung tissue is removed. Furthermore, it is nn- 
necessarily tranmatie, and excess tissue is destrojmd hj^ the crushing of clamps 
and the suturing of bleeding points. Finalljq it is not anatomic. 



RIGHT LEFT 

Fisr. 1.—The bronchopulmonary segments. (From Jackson, C. L., and Huber, J. P.: His. of 

Cliest 0 : 322, 1948. 

More recently, the anatomic approach has been used. Churchill and 
Belsejq and Overholt and Langer- have recently described their excellent 
techniques for segmental resection, utilizing the traction-dissection and dif¬ 
ferential inflation methods. Others, including Clagett and Deterling,^ have 
adopted the anatomic approach. 
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The tceliniquc Ave employ elosely i-osenil)Ie.s tluit of Ovcrholt’s u]) to n 
certniii point. E.vnct identifieiition niid severance of the hi'onehns, arteries, 
niul veins belonging to n .sj)eeille segnieni permit subsequent smrgicnl removal 
of the segment. I'^or exn?n])le. if ibe disense process iin'olves the basal seg- 
menhs of tbe left lower lobe, the eomninn basal brnnebns is identified as a 
eontinuntion of the lidl main bronebns after the snj)erior division bronebns lias 
been given off. This is divided and a metal suction tip is introduced into tbe 
proximal cut bronelnis and directed toward the accessible bronebi, n.si)irnting 
tbe secretions from tbe traebeobroneliial tree. Tbe proximal stum]) is clo.sed 
with interrupted end sutures of Xo. Ito .stainless steel wire on swedged needles. 
A clamp is kept on Ibe distal bronebial slump. Tbe segmental artery to tbe 
basal divisions is identified, ft is merel.v tbe distal ctmlimiation of tbe left 
main imlnionar.v artery after tbe superior divisitm braTicb and tbe lingular 
bnincli have divided. Tbe arter.v is doubly ligated with Xo. 40 cotton. Tbe 
veins from tbe basal segment, u.sually Ilirce or four in number, can be traced to 
the inferior juilmonar.v vein, at wbicb point they are ilivided and ligated with 
Xo. 40 cotton. Up to Ibis point our tecbniipie is similar to the usually de¬ 
scribed mefbods. In our experience the line of cleavage between segments 
has not nlwa.ra been clear cut. AVbcreas in some eases this cleavage can bo 
accurately established, it is in tbe less diseased segments that neourate 
deniarenfion is often inqmssible to ascertain. The method usuall.v emidoyed 
in such case.s is to infiato the lung difTerentially. Tbid is, the bronchus to 
tbe diseased segments is occluded or severed and the remaining portion of 
the lung is inflated by imsitive prexstire exerted on the gas machine bag. 
The occluded segjuent is expected to remain airle.ss. but what is commonly seen 
is that a sharp line of difTeronliation between nereatisl lung and the occluded 
segment does not exist. Air does cross these intersegmental fi.saure.s, ap¬ 
parently by means of small air pa.s.sages fICobn’s pores), and as a re.sult, even 
the segment Avbieb has been occluded nia.v become partiall.v nr completel.v in¬ 
flated with air. One is then rnee<l udib a real problem as to bow to establish 
tbe x-isceral intersegmental cleavage plane. 

Clagett and Pctcrling have de.seribed Ibe teebnique of striiiping the 
bronchus and vessels vvitli tractitm dissection and thus bluntl}' establishing a 
plane of cleavage. This plane of cleavage is an area which gives the least 
resistance to blunt dissection. Again, while this technique can often be em¬ 
ployed, it is not infrequently seen that when removing segments, especially 
the smaller ones, portions of adjacent segments are torn off, or, smaller bronchi 
of the same segment are torn Icarung portions of that diseased segment at¬ 
tached to the remaining lung. In this situation more bleeding is encountered. 

Recognir.ing tbe occasional difficulty met in attemj)ting to establish a 
clear-cut Hue of delineation between segments, we have emplo.ved a simple 
method of dbstonding and staining the diseased segiuent so that it stands out 
clearly from the other segments. This method, while not routinely employed 
in our segmental dissections, is, however, found to be valuable "wben a elegr 
Ibic of cleavage is not discernible. 
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TECHNIQUE 

Metiylene blue as tbe coloring stain is mixed with hydrogen peroxide. A few drops 
of methylene blue are added to 15 c.c. of hydrogen peroxide. The resulting solution is 
then slowly injected into the distal (cut) bronchus of the segment to be resected. No 
pressure is necessary to force this solution to reach the ramifications of the segment. The 
action of the hydrogen peroxide, when it is in contact with the tissues, is to liberate 
oxygen, which then bubbles and fizzes and pushes the colored solution throughout the 
segment. This results in a blue-stained segment which is turgidly distended by the large 
amount of oxygen liberated within its tissues (Figs. 2 and 3). This segment then stands 
out clearly and unmistakably from the adjacent normal lung tissue. The line of de¬ 
lineation between the segments is well established. Since the bronchus and vessels of the 
segment have already been divided, the segment can now be dissected uith relative ease. 
Furthermore, if there is any doubt about the exact vessels which supply the segment, 
division of these can be deferred until the staining-distention exposes their distribution. 



Details of Technique .— 

1. It is preferable not to crush the distal bronchus with a clamp, but rather to oc¬ 
clude it gently. 

2. A special adaptor has been used, devised by Dr. Louis E. Davidson, of New York, 
which fits tightly into the lumen of tlie bronchus and is equipped with a stopcock. This, 
furthermore, fits into a Luer Lok S 3 uinge so that no spillage occurs. 

3. Excess pressure should be avoided when injecting the solution because this will cause 
soiling of the surrounding tissues by spilling over. 



ruhknsti'i.v nr .u..: i'ulmoxary 8K0mental dkiaxration 
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4. ^Vlicn rcmorlnjT tho adnptor, a clamp should Ixs Juid ready in place over the bronclius 
for imraodlatc closure to avoid ropurffitation. 

C. Wet sponge? should bo placctl to wnll-ofl! 8UtT(mn<Uug tipsucs in the event that splllnKe 
might occur. 

0. To prpnrato the segment, blunt and sharp dissectors nre usually employotl. Much of 
tho dL'sec.tlon is blunt (flngor dissection). Very' little blWNling and very little air leakage 
rrsults when tho proj>or clenvago is dev>‘U)|>ed. Tho mw surface of lung remaining is covered 
with a wnrm moist sponge for n few minutes. It is surprising to note lltat this surface is 
relatively dry and has n mlnlnuil amount of air leak. 



nc. 3—Seement ol dog lung dl.londod with iwiwxldo C^aOj) ond tnethylCBB bluu. Clamp 
occludes scffTOcntal broncnus. 
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The stump of the bronchus is now covered noth adjacent pleural reflection or a free 
fascial graft. A rubber catheter, No. 24, is placed intercostally for drainage and continuous 
suction and 15 cm. of water are used for forty-eight liours to re-expand the remaining lung 
tissue. 

Postoperatively, endotracheal aspirations are repeated as often ns every hour when 
necessary in order to keep the Iraeheobronchial tree clear. Patients are ambulated at the 
flrst or second day postoperatively, which aids coughing and deep breathing. The progress 
of the patient is carefully observed by regular x-ray views and fluoroscopy of the chest. 
In an uneventful case the patient will usually feel quite weU by the third or fourth day 
and ^vill be ready for discharge from the hospital by the seventh to tenth day. 

The complications occasionally seen are (1) atelectasis, lack of re-expansion of remain¬ 
ing lung tissue which can be treated by repented bronchoscopy and insistence upon cough¬ 
ing; (2) fluid in the pleural space, which should be aspirated when there is a significant 
amount; (3) empyema, an uncommon complication, since good bronchial closure and chemo¬ 
therapeutic agents usually circumvent this; (4) bronchopleural fistula, usually the result of 
inadequate bronchial closure, early complete re-expansion will help to eliminate this. 


iVNALYSIS OF CLINIC.VL DATA 

Duiing the year of 1947 it was found necessary to utilize the methylene 
blue injection method in a total of ten cases because of extreme difficulty in 
identifying the intersegmental cleavage plane. Nine of these cases represented 
segmental distribution of bronchiectasis. One patient had a giant tuberculous 
cavity in the left upper lobe. In all eases it was possible to accomplish the 
desired segmental resection, thus olmating the necessity.of lobar resection. 
The distribution of disease in these cases Avas as folloAvs: (1) Lingula, and 
anterior segment of left upper lobe, tAvo cases; (2) lingula, and both anterior- 
medial basal and lateral basal of left loAver lobe, one case; (3) lingula, and 
superior segment of left loAver lobe, one case; (4) apical-posterior, and 
anterior-medial basal of left loAver lobe, one case; (5) lingula alone, two cases; 
(6) lateral basal of left loAver lobe and lateral basal and posterior basal of 
right loAver lobe, one case; (7) superior segment of right loAAmr lobe, tivo 
eases. Eight of these cases Avere uncomplicated postoperatively. Tavo of the 
patients developed empyemas Avhich Avere local in character and associated 
AAnth bronchopleural fistulas. Open thoracotomy and diuinage of the localized 
empyema spaces resulted in cure in both of these complications. These tAVO 
complications probably could have been aAmided by a more Augorous attempt to 
re-expand the remauiing lung tissue so as to obliterate all of the pleural 
space early and completely. 

CONCLUSIONS 

1. Segmental pulmonary^ resection is a surgical tecluiique of considerable 
value. It is indicated in many instances and is quite feasible. Maximal good 

" lung tissue is spared in the remoAml of the pathologic segments, and it is espe¬ 
cially valuable where bilateral resection is contemplated. 

2. A new technique for more adequately estabbsliing intersegmental 
cleavage planes is described. 
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ENDOBRONCHIAL OCCLUSION DURING PULMONARY RESECTION 

‘ PREuirrNAKY Report 

Jasies D. Moody, M.D. 

DtTRHAil, N. C. 

I NTEREST was aroused in the problem of controlling bronchial secretions at 
Dnke Hospital dnring an analysis of 125 cases of pulmonary resection per¬ 
formed from 1937 to 1947; it Avas observed that ipsHateral and contralateral 
spreads bad oecuiTed in tAventj^-seven eases, or 21.6 per cent. In this group there 
Avere five deaths, all directly attributable to the spread. A survey of the btera- 
ture revealed that our figures Avere not in disagreement with those of other 
clinics, and our methods of control of In-onehial secretions AA'ere the same as those 
in general use. 

These methods of control fall into three general categories. The firat group 
includes preparatory measures, such as chemotherapy, postural drainage, and the 
postponement of operative procedures to tire summer months Avhen upper 
respiratory infections are at a minimum. The second group points at active 
control of secretions during tire removal of the infected lung segment, namely, 
tracheobronchial aspiration by catheter, mechanical hlocldng of the bronchi, 
and positioning of the patient with dependence on gravity drainage. The third 
group is preventive as well as therapeutic rind includes chemotherapy, deep 
breathing exercises, bronchoscopy, and enforced coughing. 

Inasmuch as no one method will be completely successful in this problem, it 
is obvious that the preoperative preparatory measures of chemotherapy and 
enforced postural drainage must always be used, and tire postoperative preven¬ 
tive measures should be employed routinely. Although tracheobronchial aspira¬ 
tion by catheter has been one of the most commoirly used methods in the second 
group, it is not entirely satisfactory’’, as evidenced by our oAvn percentage of 
spreads. The positioning of the patient during operation with dependence on 
gravity drainage of the secretions, particularly as advocated by Overholt,^ has 
gone far in reducing the danger of spreads, but has not completely eradicated it. 

There hav’e been many iastimments designed for mechanically blocking 
the various bronchi with the subsequent isolation of one or more lobes, such as 
the endotracheal aimvay described by Gale and Waters in 1931 (Fig- 1)> 
combined tracheoscope and anesthetic tube devised by Magill in 1936 (Fig. 2), 
the technique of bronchial tamponade advanced by Crafoord and described by 
Nosworthy^ in 1941 (Fig. 3), and the bronchial occluder reported by Halton in 
1943 (Fig. 4). All have been described in more detail in a previous report.^ 
Since none of these instruments, in our experience, could be depended upon 
to perfomi the job for Avhich it Avas designed, it was felt that an endobronchial 

From the Division of Thoracic Surgery, Department of Surgery, Duke University School 
of Medicine and Duke Hospital. 

Read at the Tvrenty-elghth Annual Meeting of The American Association for Thorac c 
Surgery, Quebec, Canada, May 31, June 1, 2, 1948. 
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balloon could bo devised to obstruct tbo portion of lung to be removed, and to 
provide aspiration of air and seci-otions from this obstnicted se^miont. The most 
obnous criticism of any instniment constructed around a balloon has been its 
lack of dependability, a tendency to slip out of place at inoppoitunc times, Tliis 
has been circumvented by tlio use of a metal holdinjr nppai-atus, which fils 
around the balloon, and wliich maintains its position through llie pi-otnision of 


A 




B 


'Pin. 1.—Gale and Woters cndotmchcnl balloon wlUi obalructlon of tho nmtn bronchus at tlie 

cfUinn, 

nuDioroiis gnmll points (Pig. G). TIic instniment was fiist used in pplmonarj- 
resections in dogs, and it was slioini timt (1) no Imnnful effects were produced, 
(2) complete occlusion of tlie In-onchns was obtained, (2) dislodgment during 
operation was very unlikely, (4) tlicrc was a iride margin of safety, and, (6) 
there was very little interference with anc3the3in.= It was subsequently used in 
resections in patients, and a report was made of the results and complications 
during the first year.’ Since the results appcni'cd fairly satisfactory, the instru¬ 
ment has Itecn used for anotber year, and the indications, effectiveness, and 
complications of its use are omliodiod in the present report. 






84 


THE JOURNAL OF THORACIC SUBGFJIY 


INDICATIONS 

Use of this instrament is indicated in any resection for suppurative pul¬ 
monary disease, including bronchiectasis, lung abscess, carcinoma -with secondary 
suppuration, and tuberculosis. In its present form, it is not applicable in upper 
lobectomies; it is hoped that a modification of the instrument null soon be 
available for this particular operation. The presence of bilateral disease, par¬ 
ticularly bronchiectasis, does not constitute a contraindication. There is ample 
room for suction through the endotracheal tube. On the contrary, blocking the 
most seriousU' diseased portion relieves the anesthetist of much more purulent 
material spilling out into the major bronchi. The balloon is particularly indicated 
in patients with decreased pulmonary reserve. Positive pressure anesthasia phis 
constant inflation of the upper lolie in eases of lower lobectomies may be main¬ 
tained throughout the procedure without the hindrance to the surgeon caused 
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Fig-. 2.—JlagiH's combined tracheoscope and anesthetic tube. 


by the inflation of the lobe being resected. The presence of atelectasis m the 
affected lobe is a deflnite aid to the surgeon, not only in allowing more operating 
space, Imt also in the delineation of the interlobar fissure. Although we have not 
as yet used the instrriment in a segmental lobectomy, since the child’s size is not 
yet available, use of this same itrinciple in differentiation of the segments should 
certainly be an added advantage. In cases of tuberculosis, the presence of large 
amounts of hyperplastic tissue at the contemplated site of placement of the 
balloon constitutes a definite contraindication to the use of the instniment. This 
is discussed under complications further on in the report. 

TECHNIQUE 

During the past year very few changes have been made in the actual con¬ 
struction of the instrument. The carrier tulie has lieen shortened so that the 
site of placement of the baUoon is as close as possible to the tip of the broncho¬ 
scope. The instrument table has been discarded and the manometer and suction 
bottle incorporated in a metal case, thus pro^dding a small compact rmit at the 
operating table. 




n/v 








86 


THE JOURNAL OP THORACIC SURGERY, 


There have lieen no changes in the technique of using the instrument, save 
for variations in anesthesia. In approximately one-half of the cases intravenous 
]ientothal and topical anesthesia have been used for bronchoscopy and induction; 
in the others, the pentothal has been used after bronchoscopy and placement of 
the balloon are completed. The use of pentothal for induction of general anes¬ 
thesia has definitely improved the entire procedure. At the present time an 
average of twenty minutes is required from the beginning of topical anesthesia 
to the completion of placement of the balloon and beginning of general anes¬ 
thesia. 
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RESULTS 

During flic pnst twenty-four months this instnimcnt Iins hccn used in tlic 
forty-four cnscs ns shown in Table I. 


Tadi.o I. 


DrAON'OSlK 

LontrroMY 

PNCL’ilO- 

NTCTOXIY 

i:ixrLorM\TonT 

TIIOa-VCOTOHV PRAI.VAOE 

JironchiwtoAlji 


1 


AbMc5fl 

•I 



lironcliiogonic rnrcinrirnn 


T 

■1 

Tolierculo^J?* 

Koroign bodr 

KrnpTcmn 

1 

I 

14 

1 



Ih 

4 1 


The empyema ease iras ineoms-ily ilingnosed preopcratively ns a lung 
nlisccss. 

There were six deaths in tliLs series of eases. Three of these patients died 
the day of operation and immediate autopsy in two revealed no evidence of 
spread. Autopsj- wa.s refused in the third en,sc: dentli oeeuired verj- shortly 
after removal of the balloon and during hilar mnniiuilntion. Bronchoscopy at 
the time of death rcvenlod the hrouehi on the unnffeelod side to bo free of secre¬ 
tions. Tile other three deaths oeeurred at sixteen. Iwenty-tliii'e, and forty-two 
days, resjiectivcly, of seeondnrj- jio.stopernlivo eomplientions. Two of the cases 
had no evidence of siiread elinienlly or by repented eliest x-ray c.xnminntions. 
The third liad a definite fatal eontralateral iufeetion and is discussed under 
“spreads.” 

In thirty-three of the forty-four eases, the in.strunient functioned satisfac¬ 
torily a,s judged by complete bronchial oeeluaion. the production of atelectasis 
in the obstructed lobe or lolies, and the lack of a jiastoperativc spread. j\mcs- 
tlicsin has l>een definitely improved and. in general, the postoperative course of 
these patients has been smoother. 

Spreads.—There were si.x cases in which conti-nlatcrnl spread occurred. One 
proved fatal, one wits moderately severe, and the otlier four were all minimal. 

The most severe spread occurred in a left pncumoncetoiny for tuberculosis; 
immediate po.stoporativo x-ray views were clear, but on the fourth day, intllti'a- 
tion appeared in the right lower lobe and gradual^- progressed to involve the 
entire right lung, resulting in dcalli forty-two days postoporativcl.v; Although 
preoperative rocntgcnogi’niiLs showed onl.v diffuse scarring throughout the right 
lung, this might possibly lie classified a.s a reactivation rather than a postopera¬ 
tive spread; the instrument fiuiefioncd pcrfcctl.v throughout the operation. 

In one patient -with multiple lung nb.scesses, it was felt that all cavitation 
was confined to the middle mid lower lobes, and the balloon was inserted for a 
middle and lower lobectomy. The resulting contralaioral spi-cad from a cavity 
in the unobstructed upper lobe was moderately severe, but was relieved by 
bronchoscopy following the operation. 

Of the four minimal spreads, two occurred in eases of tuberculosis, 'and 
there is no adequate explanation ns to their cause. In the third case, a pneu- 
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monectomy for carcinoma, the instrument became lodged in a sharply eiimd 
endotracheal tube on removal, and several seconds elapsed before the brouclms 
was clamped. Sufficient spillage of secretions could have occuiTed to account for 
the small spread. In the last case, an abscess in the superior segment of the 
left lower lobe, the balloon was placed too low, and the superior branch bronchus 
was not obstructed. 

Thus, of the six instances of spread, there is an explanation for three; the 
remaining three were all eases of tuberculosis. 

Mechanical Complications ^—Complications due to mistakes in tcchnicpie oc¬ 
curred in five cases without evidence of po.stoperative spread. In two, the 
balloon ivas placed in the right main bronchus for a right pneumonectomy. Due 
to the extreme shortness of the right main bronchus, and because the balloon was 
placed too close to the carina, there was overdistention into the trachea with 
resultant partial obstruction, and it was nece.ssary to remove the balloon. There 
were two left pneumonectomies for tuberculosis, in l)Oth of which there was e.x- 
tensive hyperplastic tissue filling the left main bronchus. It wms realized that 
the balloon woidd probablj" not be retained in tliis hyperplastic tissue, but the 
presence of large amounts of purulent material in the stenosed lung necessitated 
its use. In each case, the balloon slipped out into the trachea during manipula¬ 
tion of the lung; tracheal obstruction was only momentary and wms immediately 
relieved. No complications arose in the one case, but in the otlicr, after removal 
of the balloon, the patient had sudden cardiac arrest during hilar manipulation 
and quickly died. An autopsy could not be obtained. The fifth and last ea.se 
concerned an abscess in the superior segment of the right lower lobe; the balloon 
was placed too low, as denoted by the atelectatic basilar segments and inflated 
superior segment. The resulting spillage was removed by repeated tracheo¬ 
bronchial aspiration; foitunately a spread did not occur. 

C01MJrENT,S 

Judging from the results up to the present time, certain conclusions can he 
di’aum. The results in aU types of cases are comparable except for tuberculosis. 
By improving the technique of handling tlie instrument and thus eliminating 
the complications which have oceuiTed in this series, it is felt that the danger of 
spread in bronchiectasis, abscess, and bronchiogenic carcinoma vnth secondary 
suppuration may well be minimized. 

The three unexplained spreads occurred in cases of tuberculosis, and were 
part of a group of six patients in whom streptomycin was not used. In the 
remaining nine cases, streptomycin was used both pre- and postoperativcly, and 
spread did not occur. A much larger series of cases may afford some clue as 
to the mode of spread in tuberculosis. 

In regard to the site of placement of the balloon in the bronchial tree, satis¬ 
factory’^ positioning for lower lobectomy on either side, for reseetioji of the middle 
and lower lobes on the right, and for pneumonectomy on the left is relativcl}' 
simple. It is somewhat more difficult to block the superior branch bronchus of 
the lower lobes, as eAudenced by failure in two of the twenty-one lobectomies. 
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Blockiiijr the cniiro rijrlil innin bmuclms hetweeu llic upper lobe orifice niul tlie 
ninin eariitn is ooiisidornbly Imiiler, and slmiild uot be nltcniptod witliout experi¬ 
ence witli tlic inslmment. riiiccnient of the bnbooji in twouf tl)e six ri^lif piien- 
monectoinies wns uuHUcccssfiil. 

Expcncncc with tlie iiisirument I>ns sbomi llinl ntlention lo tlic followniifi 
details will (leerense tbo ebnnce of failure. Knforccil postural clraiunpc ,iust 
l>rior to broncboscopy has obviously facilitated this ))rocetlure. It is wise lo 
insiitute auction tbiY)!!^;!! the balloon ns soon after plnccnient as passible, other¬ 
wise thick .secretions may obstruct the nspiintinjr tip before alelccfn.sis is ob¬ 
tained. On reinovinp: the balloon the bronehus shoiiM lx.* clnnijied ns quickly as 
po.ssiblc to ])revcnt any spillnRO of dannned-up purulent material. Furthermore, 
thorough tracheobii.nichinl suction should be carried out at the same time to 
entoh any material which mij;ht spilt out. 

SI M 

An instnuuonl dcsitjned for eiulobronchial occlusion and the results of its 
iLsc in the first foHy-Amr ca.sc.s of resection for .stjppurntivc pulmonary diseases 
arc rei>ortod. The results are sufficiently enconnipini; to warnuit further clinical 
trial. 

KKIXHKN'CIX 

1. Overholt, Rlrlmrfi It,, T^nn^ior, I-, Siypoliiki, ,1. T.. nn«l Wibon, X. .1.: rulruoncir}* Kciw- 
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DlStMISSlOX 

DU. J. 0. TUEXT, Ibirlintn, X. ('.—I should likt* tn llinnk Dr. itoodr for n ^^ry 
Ingcniouj? tiit of work nnd nn excellent ^lrc^entntion of thi.« problem todnr. The instrument 
han I>eon in uce in Duke jr(wjii(nl for the punt two yenrg nnd I can my that it doc5 work. 
Complete t>ccluj»ion of the broiiohuH enn Ik* pro<luectl, the Imlloon remains in place and will 
retain occretionji, nnd in nddition do(si pro<lurt* otelcctnela as shown in tho movie. Tlii)< greatly 
Blmpllfiofl tho Burgeon's job. The upper lol>e niny l>c inflnttsl, the diftfoction of tho iiiluni is 
simplified, the postopemtivo counn! In Bnioother, nnd T think tho ndilition of tlic use of this 
Imlloon for bronchial olh*tmction will improve tho rlinienl results, cspceinlly when used in 
conibinntion with stroptoniyrin in tuberculosis. 

DK. MOODY.—I should like to make minj that It is clour tlmt thb instrument is not 
applicable in upper Iol>ectomics. It hiis been designed for lower lolxjctomies or pneamonoc- 
lomios. The instrument (lesigncnl for nn upjMn- lolioctomy hns not yet been completed. 

I am imrticulnrly gratified to lenm of tho results achieved with stroptoraycln. TVe arc 
becoming ranch more cognizant of the fnet that contnilatornl spread does not olwaj-a occur by 
nny of tho transbronrhinl rote. M’o have ocrliided tlio main bronclms in a numlKir of cases of 
tuberculosis nnd sovcml rontrohitcral spreads Imve developed in spite of the fact that the 
Instrument wns functioning satisfactorily throughout tho operative procedure. 


]\IBDTJLLART PEGGING IN TH0BAC0T01\IY INCISIONS 


Karl P. Klassen, M.D. 

CoLtriTBUS, Ohio 

T he i)i’erequisite of a "ood tlioracotomy incision is adequate exposure not 
only of the immediate intrathoraeic operative area, but also of the entire 
pleural space, ivhich is ]iarticularly im])ortant in the presence of pleural ad¬ 
hesions. Good visualization of the entire intrathoraeic structures and a large 
enough thoracotomy opening to allow free surgical manipulation are essential 
for a safe and rapid operative procedui'e. Equally important requirements of 
a thoracotomy, incision are ease of closure ivith the production of a pain-free, 
stable hemithorax permitting full respiratoi’y movement, minimal disturbance 
in the function of the shoulder, and, last but also important, good cosmetic 
results. The position of the patient on the operating table duiing the surgical 
procedure should also be considered and should not interfere vuth maximum 
function of the contralateral limg. 

With the exception of inadequate exposure for certain posterior media¬ 
stinal lesions, the anterolateral incision as originally used by RienhofP meets 
most of the z'equirements of a good thoracotomy. The supine position interferes 
very little with the respiratory movement of the contralateral thorax and flood¬ 
ing of this Imig can be prevented by frequent tracheal aspiration. The sub¬ 
mammary incision will give excellent co.smetic results and section of the pecto- 
ralis major at its insertion will produce minimal damage to this muscle and its 
nerve. In young patients a third intercostal incision alone carried to the 
posterior axiUary Ime will give excellent exposure with the use of a good spread¬ 
ing rib retractor. In older indiriduals the intercostal incision is usually 
combined with section of the costal caidilages of the tliird and fourth ribs. 
Overspreading of the rib retractor ivill lead to fractures of the adjacent ribs 
and for this reason when a larger thoracotomy is desired, additional cartilages 
should be sectioned. The repair of an anterior intercostal incision can be ac¬ 
complished without difficulty by first approximating and suturing the sectioned 
costal cartilages. For aii-tight clo.sure, if nece.ssary, the pectoralis major muscle 
can be used for reinforcement of the intercostal suture line. Resection of a 
rill in an anterior thoracotomy is not advisable since this udll make closure of 
the incision quite difficult due to the marked thinness of the anterior portion 
of the intercostal muscles. The anterior thoracotomy incision ivithout resection 
of a rib will produce a stable thorax with minimal disturbance in respirator}' 
movement. Postoperative pain is prevented by novocain injection or cnishing 
of the third or adjacent intercostal nerves. 

The posterolateral incision as first used by Lilienthal- is preferred by many 
to the anterior incision. This incision when used with either a high or low 
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intcrcostnl tlioincotomy \rin give access to the upper or lower portion of the 
thorax ns well ns to the posterior mid niiterior niMlinstinum. It is pnrtieulnrly 
adapted for surgerr- on tlie esophagus, the vagus and sjonpatlictic nerves, nnd 
the diaphragm. Tlie Intcrnl position of the pnlicnt on the ojieiating taldc in 
this t.vjic of tlioincotomy will somewhat interfere with rcstiinitory movement of 
tlie contmlntcrnl hemithoinx, umIc.ms shoulder and pelvic support-s nre used. A 
s|)ccinl tiihlo has licCn devised hy Overholl’ to overcome this difliculty. Pre- 
operative use of antibiotics pai'cntcmlly nnd by neitisol togetber with bronelm- 
scopic aspiration has greatly re<lueed the hazards of conUnlnternl lung tlonding 
during resection of suppunilivc lung lesions. ITowcver, frcfiuent tracheal 
aspiration during the opeintion nnd the Trendelenburg position irill minimize 
this danger. 

The .skin incision is made starling at the level of the third or fourth rib. 
midway liclween the spine nnd the vcricbnd border of the scapula, nnd carried 
downwnni eneireling the ti]) of the scapula nnd eoiitiuuing along the seventh 
or eighth interspaec to the anterior nxillnrj' line. The trapezius and rhom- 
lioideus nuusclcs nre cut close to the spine while the Intissimus dorsi nnd serratus 
anterior arc sectioned at least G cm. interior to the lip of the senindn. Section 
of these muscles close to their insertion will produce minimal interference with 
postoporntive movement of the shoulder. 

Tdentifiention of the ribs in the posterolateral incision is greatly simplified 
by elevating the scnintln and counting the rilis from above downward, the first 
rib being easily identified hy its fiatness nnd sharp ridge of the inferior border. 
The nttaehment of the posterior scalenus muscle to the second rib identifies this 
structure. For operations in the upiier thorax the thoracotomy is accomplished 
through an intcrcastal incision in tlic fourth or fifth interspace, while for lower 
lobectomy nnd operations on the lower csoiibngus nnd diaphragm the incision 
can be made in the eighth or ninth interspace. An intcreostal incision without 
section or resection of ribs, if carricil forward anteriorly to the costal cartilage, 
frequently will give ndc(|unte exposure in young individuals. Howerer, in 
older individuals nnd also in patients with marked thickening of the parietal 
pleura, the iritcroastnl incision alone rvill not give sufficient exposure and over¬ 
spreading of the rib rctrector often rvill lead to fracture of rilis. The advantages 
of an intercostal incision without rib section are that it ivill allow easy closure 
of the thoracotomy, nnd dcfoimity ns such is absent. AYitli crusliing of one 
intercostal nen'C, postoperative pnui uill bo minimal and there uill he very 
little interference with normal i-espiratoiw movements. 

Resection of the major poition of a rib from its angle to tho anterior axiUaiy 
lino or the costal caidilage ivith an incision through the periosteal bed is fre¬ 
quently used in tho pasterolatoral thoracotomy. The o.xposure resulting from 
such thoracotomy may ho inadequate in older individuals, in patients with 
thickened pleura, nnd in oporetious upon the esophagus. The removal of one 
rib creates a definite depression deformity which is particularly evident when 
used in the lower thorax. Closure of sueh thoracotomy is facilitated by the 
presence of tho fascia-like structure of tho periosteum of tho resected rib; 
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liowever, considerable force is necessary to approxunate the edges of this in¬ 
cision. "With paralysis of tbe two adjacent intercostal nexwes by novocain 
injection or crushing, there is minimal inteiderenee Avith respirator}^ movement. 

An intercostal incision comliined A\dth section of two or more adjacent ribs 
will produce adequate exposure for all intratboracic operations. Horvever, on 
closure of this thoracotomy considerable difficulty is experienced in approximat¬ 
ing the sectioned intercostal muscles requiring tlie use of sutures encircbng the 
two adjacent ribs.'*’ ® Unless these sutures are placed subperiosteally, post¬ 
operative pain may occur due to pressure of the suture on the intercostal nerve 
of the inferior rib. Immobilization and accurate approximation of the cut 
ribs cannot be obtained by suture of the intercostal muscles to the longissimus 



Fie. 1.—Thoracic deformity and excessive callus formation due to failure of accurate ap¬ 
proximation of the sectioned rib fragments. 

dorsi mid iliocostalis muscles. Blades and Kent® advised the use of sutures 
placed through drill holes of the ends of the sectioned ribs. Unless the cut rib 
ends are approximated accurately and held in place firmly, the negative intra- 
thoracic pressure ivill produce overriding of the rib fragments and the anterior 
rih segment is displaced posteriorly for a considerable distance, resulting in a 
thoracic depression deformity of considerable magnitude, particularly when tivo 
or more ribs are involved (Fig. 1). Constant movement of the rib ends and 
overriding Aiith impingement of the intercostal neiwes leads to considerable 
postoiierativc pain, particularly when nonunion of the sectioned ribs occurs. 
Cmshing of the intercostal neiwes, and particularly Novocain uijection, will 
not be effective since union of the i-ibs does not occur for several months and 
may not occur at all. Irregular union with excessive callus formation greatly 
contidbutes to late postoperative pain (Pig. 2). 
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Tile proreqnisito of a ('ood llioiiicotoiny incision lias liccn met in lliis series 
in fifty patients by the use of llie poslcrolnlcrnl intercostal incLsion and autogo- 
nons medullary pegging of llie adjacent sectioned rilis. The exposure was 
adequate in all eases and suture of tlic iiitercoslal muscles was accomplislierl 
with ease, without the use of a rib aiiproxiniator or rib encircling sutures. There 
was minimal interference with ix'spiratorj' movement of the thorns and de¬ 
formities did not oecur. Early unrestricted .shoulder movement was possible 
and the cosmetic I'csults were good. There was minimal postoperative pain, 
requiring only occasionid use of nareotic.s. Ambulation on the first iKJstoperotive 
day was the rule and the iKwIoperntive hospital .stay was short. The average 
hospital stay in twenty-four jiatients following lolicctomy for bronchiectasis, 
decortication, and removal of inedinstinnl tumors was eight dnj's. Xo atelectasis 
occnrrcel. 



Plff. 2,—Overriding of tlxi iKM:tlon<*d rib fmemmt nml failure of roffCnpratlon of Uio rceectCKl 
rib with nmrkitl laii-ml thomcic defomilty. 

Tlic usuiil postci'olntoral skin incision is used M’illi section of tiie extrn- 
thoracic muw'les close to their inscHion. The lonfjissimas dorsi and ilioeostalis 
innsclcs ni-o stripped fi^m the rilw adjacent to llie intercostal incLsion down to 
the transverse,pi'oce.sscs and retracted medially. A 1 cm. area of the jieriostetim 
is stripped from the two adjacent rilis 2 cm. distal to the transverse processes 
and the two riKs are transected without the ramovnl of a segment (Fig. 3). The 
intercostal nerves of the corivsponding rilw are cxpnscfl and cnishcd or injected 
^vith Novocain, The intcraostnl vessels above the intercostal incision arc ligated 
■'^’ith transfixation sutnres and cut. Transection of two I’ibs usually gives ex¬ 
cellent exposure; however, more can ho cut should a wider expos^'e he 
dcsirahlo. On completion of the intralhoracie operation n (4 cm. long,'4 jjim. 
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wide diamond-shaped section of the inferior border of the lateral portion of 
the rih above or below the intercostal incision is resected subperiosteally. The 
periosteum of this area is closed with interrupted fine silk. The removed section 
of rib is cut diagonally into two 3 cm. long, pointed cortical bone pegs which are 
inserted into the medullary cavity of the proximal rib stumps. On approximat¬ 
ing the anterior rib segment to the proximal stiunp the sharp protruding peg 



Fig. 3 .—TMhnIque of medullarj- pegging- of ribs in thoracotomy. 


will enter the medullary cavity and lock tlie rib in place (Pigs. 4 and 5). The 
longissimus dorsi and iliocostalis muscles are next sutured to the intercostal 
muscles and for additional stability a suture may be placed encircling the distal 
portion of the rib fiimly holding it in place. The intercostal muscles are next 
-approximated by using interrupted sutures of fine silk. The cut segments of 
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Pip, c.—Bonr union of tho rib MjnuonU with mlnlnuil callu* formatloa. 
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Table I. iKTRATHonAcic Operative Procedures Using Medullary Pegging op Eibs 


Lobectomies 

24* 

Pneumonectomies 

6 

Decortication 

6t 

Removal of mediastinal tumors 

5t 

Exploratory thoracotomy 

4 

Esophageal operations 

3 

Patent ductus section 

1 

Closure of bronchial fistula 

1 


Total number of cases 50 


•Two failures due to fracture of one peg. 
tone failure due to fracture of one peg. 
tone failure, pegs too short. 

the extrathoracic muscles are carefully approximated and sutured with inter¬ 
rupted silk. Interrupted silk is used for the skin. 

In fifty thoracotomies performed for various surgical procedures as shoivn 
in Table I there were failures in four instances. In one patient with extensive 
carcinomatosis the ribs were extremely soft and an adequate bone peg could not 
be obtained. In one patient early in this series the pegs were too short and 
both ribs became disengaged. In two patients there was fracture of one peg 
each occurring on the first postoperative day. 

SUMMARY 

Adequate exposure for intrathoracic operations using the posterolateral 
incision has been obtained by the use of an intercostal thoracotomy combined 
with section of the two adjacent ribs. The use of autogenous medullary rib 
pegs has greatly facilitated closure of tlie intercostal incision with the production 
of a pain-free, stable thorax. 
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OBSTRUCTIVE PNEUMOXITIS OF NEOPLASTIC ORIGIN 

An iNTEnpiiETATiON OP Onp; Form or So-called AteijiCtasis and Its 
C oRRErj-VTioN Accordino to PRi>niNCE OR AasPLNCE OF Sputum 

John R. JIcOonald. JI.I).,* Stuart V. IIarrinotox, and 

0. TiILTION f'l^lOETT, JI.D.t 
RoCIinSTER. lIiNN. 

T he inercasiiiK iuifoty witli which it is possihlc to remove a Iudr Korpically 
has led to a heightened demand for inoir fre(|nenl and more nearly aecnrnte 
preoperntive diafrnosia of cancer. Altlioimh tlic cytolofiic e.vaniination of sputum 
was well de.serilied Ity Diidirenn and Wriirley' in IPSTi, it was not widcl.v accepted 
at that time. Until recent years, the cytologic din'mo.sis of carcinoma of the 
Itinp on the lin.sis of examination of sputum and hronchini Nccrction.s was lai'sely 
a curiosity, and there was little to he accomplished snrf;ienll.v once the diaRnosis 
was made. Lnrjfoly as a msiilt of the changed attitude toward pulmonary 
surEcrj', there has Itecn a rehirth of interest in the e.v'toloRie examination of 
sputum and bronehial secretions, with the peneral hope that eaneer of the lung 
may be dotcetod more freriucntl.v atul earlier. 

Our oxpericneo with eytologie exaniinatioti of sptitnm and bronehial secro- 
tioiLs has indicated that examination of one or the othei of these matoriabi alone 
is not adcf|unte. V’e have eondiieted eylolmrie examinations of approximately 
2,400 speeimoius of .sputum and htonehial .secretion.s. the vast majority of which 
have Iicen sitecimen-s of sputum. In this gixmp we have at pre.sent 225 positive 
rcsttlfs among individual patient.s. Some of these reiircsent positive results 
concerning siinlum alone, some is'iire.sent positive results concerning secretions 
alone, but in the vast majority of iiistanee.s, it was possible to obtain positive 
rcsult.s concerning Imth .s[)titum and secretions. (Ntologie e.xaminntion of 
•simtum is further indicated because of its value in the detection of cancer of 
the lung. Our conclusions in rc.speet to this method have been that examination 
of Ixtth secretions mid sputum should be done. With this in mind, it beeomas 
exceedingly important to know the factors responsible for the production of 
sputum. 

NATURE OF STUDY 

The vniuo of cytologic examination of bronehial material in the diagnosis 
of cancer of the lung has been nptl.v demonstrated. AVc felt, therefore, that it 
was imiiortant to determine those faetors which arc respon-sible for the produc¬ 
tion of sputum mid how early sputum nas produced in a group of patients ivho 
had iiroved cancer of the lung. 

AVc have, therefore, re-examined all the lungs or lobes of lungs removed 
bocaas e of a neoplasm at the Jlayo Clinic from Jlny 6, 1935, to July 1, 1947. 

_ Rear! at tho Twenh--«Jffhth AnnunI MecUnir of Tho Americnn A*®oclaUon for ThomeJe 
Eurpory, Quebec, Canada, May 31. Juno 1. 2. 1918. 

•Division of Surtrlcnl Patholo#^-. Mayo Clinic. 
tDl\ialon of Sarporj', Mayo Clinic. 
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Three groups of pulmonary neoplasm were excluded from this study: (1) 
hamartomas (Avhich in our experience have not produced sputum), (2) endo¬ 
bronchial lipomas and similar lesions, and (3) carcinomatous bronchial cysts. 

The examination included a careful gi’oss inspection of not only the 
neoplasm hut also of the nonneoplastie portion of the lung. Blocks were taken 
from both the neoplasm and the pulmonar}'- tissue of the affected segment of the 
lung. Sections Avere cut from these blocks and hematoxylin and eosin stains 
Avere used. Special stains, particularly van Gieson, Avere used Avhen indicated. 



Fig. 1 .—a (Case 27). Carcinoid tj-pe of adenoma of Uie left main bronchus; notice the 
Intact benign epithelium overlying the tumor (X150): h, cylindroma type of adenoma In Case 
23, from the left main bronchus; the Swlss-cheese pattern Is apparent (X160). (Hematoxylin 
and eosin stain.) 


All the tumoi’S AA^ere classified into four groups: (1) adenoma of the carci¬ 

noid (Fig. 1, n) or cylindroma type (Fig. 1, b), (2) bronchiogenic carcinoma, 
(3) metastatic neoplasm, and (4) alveolar cell carcinoma. The bronchiogenic 
carcinomas were further classified into their cellular types: (1) squamous cell 
type (Figs. 2, a and b, and 3, a), in Avliich tlie presence of keratinization, pearly 
bodies, or prickle cells A\ms necessary, (2) undifferentiated large cell type, in 
which the cell type is large but there is no eAudence of differentiation to squamous 
carcinoma or adenocarcinoma, (3) adenocarcinoma t^qAc, in which the neoplastic 
cells form mucus or acini, and (4) small or oat cell type (Fig. 3, b), in Avhicli 
the cells are small, round, or oval and contain little cytoplasm, and in which 
the nuclei have insignificant nucleoli. 

The pneumonitis Avas graded according to a combination of the severity 
suggested by the microscopic picture as well as the gross extent of the process. 
Grade 1 pneiimonitis indicates slight early pneumonitis, Avith very little areal 
involvement of the pulmonary tissue (Fig. 4, o) and grade 4 indicates very late, 
severe pneumonitis often involving a great extent of the lung (Figs. 4, 6 and 
5, a and b). Grade 2 pneumonitis (Fig. 6, a) and grade 3 pneumonitis are 
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intcrmcdintc slngc-s. In grade 1 inirunionitis it was possible to reeogniic the 
pnlmonnrj’ alveoli; in gnide 4 pneunioniti.s it was imp<mil)!e to do so. 

The record.s of these patient.s then were reviewed independently of the re- 
anlls of the gro-ss and histologic examinations. Partieiilar attention was accorded 
the ])rescncc or ahsenec of sputum and, if .spntnm was present, the amount. The 
aimtuni was gradctl according to the volume. Hence, when verj- little (less 
than 1 outiec in twcnt,v-fonr hours) was present, the sputum was graded 1; 
when 1 to 2 ounces in twenty-four hours was present, the grade was 2; when 2 
to .1 onnce.s in twenty-four hours was pre,s<’nf, the grade was ■'!; and when more 
than 4 ounces in twenty-four hours was present, the grade was 4. 



PIff, 6.—tf (Crm 23). Pnoumcnltfa of pmo.- 2 In tho upixir Icbo; tJicro la dcflnJto nbrosU. 
but a few mnalninp pulmonnn- nlvcolf enn tx- n-t-n < XtOO) : &. xectlon of ateJoclntlo Uaaue In a 
CQxe of hydrothonuc: notice collnp.io of tho puln»onrtr>* nlvpoll nnd tho ab'^ence of any Inflam- 
maton* reaction (XlOO). (Hematoxylin nnd fsialn nUiln.) 

dftimtion <ir thiotk 

It beenme evident in this invostipttion that tho lesion Hitvintod in the 
peripheral portion of the lung which drained into the aflected hronchns was 
tlie factor wliich most frcfiuently produced sputum. Tliis Ls the lesion which 
roentgenologists in particular refer to as “atelectasis.'’ Atelectasis is dcfincil 
in norland’s Avtcricau IIIuntrated Medical DicHonary as cither an “impci-fect 
e.xpnn.sion of the lungs at birth,” or ns ‘‘partial eoUnp.so of tho lung.” The 
word dci’ivcs from two Greek words meaning ‘‘imperfect expansion.” 

In medical literature, there arc four different titles of conditions in tlie 
lung which are referred to ns ‘‘ntclectasLs.” Tlie one most acceptable is fetal 
atelectasis, in which there is failure of the lungs to expand at birth. The second 
(>’P0 is tlie condition in whicli the lung is collapsed as a result of cxteninl 
pressure, such ns hydrothornx (Pig. 6, h). The third is the condition known 
as “postoperative atelectasis,’’ the histopathologic aspects of wliich are inade¬ 
quately dcscrilied because material is seldom available in tho acute phase. Tlic 
fourth is the condition under discussion liciein, in wliich the lung becomes air- 
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less and becomes contracted after obstruction to the bronchus from varjdng 
causes, the main cause being, however, an obstructing neoplasm in the bronclms. 

Since it appears to us that the genesis of these four conditions is different, 
we should like to abandon use of the term “atelectasis,” at least as it refere to 
the peripheral pulmonaiy changes associated with obstructive lesions of the 
bronchus. As an alternative, we would suggest the term “ obstnietive pneu¬ 
monitis. ’ ’ This would appear to be a better term for this condition than such 
terms as have been applied, in addition to “atelectasis.” Such terms as “organ¬ 
izing bronchopneumonia,” or “clu’onie interstitial pneumonia,” “bronelii- 
ectasis,” and “chronic indurative pneumonia,” in our opinion, duseribe onl}' 
part of the entire syndrome which we think should be designated as “obstruc¬ 
tive pneumonitis.” 



Fig. 7.—Bronchlogenlc carcinonaa, squamous cell type, of the lower lobe bronchus. The 
obstructive jaundice In the lower lobe is eHdent. The bronchi are widely dilated, and contain 
secretions. The lobe has not contracted. This represents an early stage of obstructive 
pneumonlUs. 

GENESIS OF OBSTRUCTIt^ PNEUJIONITIS OF NEOPLjtSTIC ORIGIN 

We should like to depict the various stages in the genesis of this condition 
when the cause of the obstruction is a neoplasm. In the.early sfages, the oh- 
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stnictivo litiioD prodvicc^ a JuininiiiK-lMu-k of secvctions into tho Iminulu nDd 
even into tin* iilvooli. Tn this sintit* tho iiivolvc<l portion of lun^: usually Is itnl- 
(lish. Tlic bronchi arc clilnlnl uinl filled with nniciis, and the alveoli are filled 
with inuens and scrum. The senmi apparently is an exudate from the caj)- 
illarios. In this .stage, there is no eontraclion of the involved portion of the 
lung (h'ig. T). Hathcr, it is more voluminous than normal. However, in this 
and snhscqnent stages the involved lobe or lung is airless. This condition has 
sometinics hcon ivferrcd to ns •'drowned lung.” Intlnmniatory colls in the 
fonn of polymoridionuclcnr leucoryles, plasma cells, and lymphocytes can l>c 
found in this stage in the nn'ecled pnlanman- tissue. In this and later stages it 
is frequently possible to demonstnite bacterial oi’ganisms. As the lesion pro- 
gre.s.se.s, it is often possible, moi-eover, to find areas of liiioid-fllletl iihagoe.rtes 
in the pneumonitie area. In a short time organization of the exudate ensues, 
which in .several weeks leads In the foiaialion of collagen which becomes more 
markc<l ils the time interval increases. 



Fla. 8 OaiBc SS).— ISiltiionnrv iirtellole In n ws-Uon of lunc. nhon Ina nCvuncctl otwtnic- 
Uvo pnoumonlUs. Notice tite murKeil Intliiml tlackonlna with ic*nltlns norrowlna of tho hinion 
(honmtoxylin nnil (s>nln, X'-SSi). 

Tho alTcctcd lung in the stage in which fibrosis Is pi-escul shows i-emarkable 
changes in the pulmonarx’ arteries and vcin.s, particularly those of medium size 
and smaller ones. As the iiroecss progre.s.scs, endarteritis (Fig. 8) affects both 
tho pulmonarv’ arteries and veins in the lobe or lung. This may progress to 
complete occlusion of the vessel. The ju'oceas ajiparcntly is only an expression 
of the lack of function of the lolie, with the diminished need for blood. This 
condition might well he called ‘‘physiologic endarteritis.” It occurs in the 
vessels to any organ which ceases to function.’ One of the best e.xamplcs out¬ 
side tho Inng is the kidney. 

In the lung, this condition of eoui-sc leads to contracture of tho lobe (Fig. fl). 
Grossly, tho affected lolm in this stage is firm, and bi-ownish or gray, with 
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thickening of the overlying visceral plenra. Less. commonly, the pneimionitis 
progresses to fonnation of abscesses (Fig. 10). 'SVlien abscesses form, they are 
no different from other pulmonary abscesses. They may break through to the 
plenra and lead to empyema, with bx-onchoplenral fistula. Since the neoplasm 
Avhieh is the cause of the bronchial obstruction is not static, there are bronchi 
which have been obstructed more recently than others. As a result, there is 
considerable variation in the age of the pnenmonitic process. We believe that 
it is the mucopurulent fluid aeeompan 3 dug pneumonitis which forms most of 
the sputum in the majoritA^ of patients Avho have neoplasms of the bronchus. 



Fie. 9 (Case 171).—Small or oat cell type of bronchlogenlc carcinoma of the upper lobe 
bronchus (see Figs. 3, 6 and 5, &). There is marked chronic obstructive pneumonitis, vnth con¬ 
tracture. The thickening of the visceral pleura overlying the pneumonitlc process Is evident. 

Oceasionalh", obstructive pneumonitis ivas present although the neoplasm 
had not completely obstructed the bronchus. Indeed, in some cases there was a 
veiy adequate ainvay. Nevertheless, there must be, in such cases, physiologic 
block to the egress of secretions, Avhethcr this block is brought about by replace¬ 
ment of ciliated columnar cells by carcinoma cells, Avhich obviously are incapable 
of ciliaiy action, or by a splinting of the wall of the bronchus, the result of in¬ 
filtration bA" the neoplasm. The occurrence of obstruction in spite of a patent 
lumen is seen in the common bile duct in carcinoma of the duct. 

At Avhat stage in the production of ob.structive pneumonitis can the affected 
liuig return to a normal or near normal state, provided the obstructing lesion 
is remoA-ed? At present this question is impossible to answer. Isolated cases 
in our series AA’Ould suggest that once the obstmetiou has been removed, many 
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of these lungs niTcclcd hy obstructive pneumonitis will clear up. The following 
case illiist rates this point. 

nn^ouT OF 

A nn-ycnr-old mnn cnnio to tlio clintc coniplnlntng of a cough productive of ono'hnlf 
cup of ppjitum. Afi--»ocint(Ml wKli the cough, •n-oro chlllfl and fever, Thc 50 Bymptoiruj had been 
prcMut for ono year, A roodtpenogram wun reported ns aho^ng alight atolectnsia of the loft 
lung. -Bronrhoacopy revealed n ncoplaam of the loft main bronchus. This loaioa histologically 
proved to Ik? nn adenoma of carcinoid U-pe. Tho endobronchial portion of tho tumor wna 
removed. Cough and apufum disnpflean'll entirely, and the roentgenogram ono year later n’ns 
reported ns disclosing nothing abnormal. One year and five months later tho lung was 
Tcmnveil surgically. Grossly, there tvns no evidence of pneumonitis In the left lung, al¬ 
though there wrts a residual ndenomn in the ninin bronchus which did not produce olistrnction. 
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Table I. Presence on Absence of Spuruxr, 0kade of Pneumonitis, and Situation ok 
Tumor in Neoplastic Obstructu’e Pneumonitis; Neoplasm; Adenoma of Bronouus 


case 

SEX 

AGE (YR.) 

tumor 

location, 

bronchus 

PNEUMONITIS, 
GRADE, LOBE 

SPUTUM, 

qUANTITV 

1 

p 

46 

L main 

0 

0 

2 

p 

43 

LUL 

0 

0 

3 

M 

46 

RLL 

0 

0 

4 

P 

45 

EUL 

0 

0 

5 


23 

LLL 

0 

0 

6 

M 

43 

LLL 

0 

0 

7 

P 

61 

RilL 

0 

0 

8 

M 

36 

LUL 

0 

0 

9 

M 

17 

RUL (peripheral) 

0 

0 

10 


42 

L main 

0 

0 

11 

P 

36 

R main 

0 

0 

12 

M 

48 

RLL* 

1 RLL 

1 

13 

M 

49 

LUL 

1 LUL 

2 

14 

P 

22 

RLL 

2 RLL 

3 

15 

P 

41 

LUL 

3 LUL 

4 

16 

M 

18 

RUL 

3 EUL 

2 

17 

M 

47 

RLL 

3 ELL 

o 

18 

P 

41 

RLL 

3 ELL 

3 

19 

P 

31 

LLL 

3 LLL 

O 

O 

20 

M 

19 

R main 

3 ELL 

3 

21 

M 

40 

RLL 

3 ELL, EML 

4 

22 

M 

36 

L main* 

3 L lung 

4 

23 

P 

39 

L main* 

3 LLL, 2 LUL 

2. 

24 

M 

30 

L main 

4 LUL 

3 

25 

P 

59 

LLL 

4 LLL 

4 

20 

P 

23 

L main 

4 L lung 

4 

27 

M 

29 

L main 

4 L lung 

4 

28 

P 

40 

LLL 

4 LLL 

4 

29 

P 

' 42 

RLL 

4 RLL 

4 

30 

M 

31 

RUL 

4 RUL 

2 

31 

M 

2-2 

R main 

4 RAIL & RUL 

4 

. 32 

M 

15 

R main 

4 EUL,' 2 RAIL 

4 

33 

F 

39 

LUL 

4 LUL 

3 

34 

M 

46 

RLL 

4 R LL 

4 

35 

F 

25 

RLL 

4 RLL 

3 

30 

M 

30 

RLL 

4 RLL 

4 

37 


30 

RLL 

4 E LL 

1 


‘Cj'Iinclroma type; others are carcinoid type. 


AGE AND SEX OF PATIENTS AND DISTRIBUTION OP TYPES OF LESIONS 

TVeuty-one of the 37 patients ivho had adenomas (Table I) ivere males, 
a percentage of 56. The 2 patients avIio had alveolar cell carcinoma were females 
(Table II). Six of the 14 patients ivho had metastatic malignant processes were 
males (Table III). One hnndi’ed seven of the 118 patients who had bronchi- 
ogenic carcinomas (Tables IV, V, n, and IT^I) were males, an incidence of 
91 per cent. The youngest patient tvitli an adenoma was 15 year’s old; the 


Table II. Presence or Absence of Sputum, Grade of Pneumonitis, and Situation of 
Tumor in Neopl.\stic Obstructis'e Pneumonitis; Neoplasm : Alveolar Cell Carcinoma 


CASE 

SEX 

AGE (VR.) ' 

TUMOR 

LOCATION, 

BRONCHUS 

1 

PNEUMONITIS, 
GRADE, liOBE 


38 

P 

34 

LLL (peripheral) 

0 

0 

39 

P 

57 

Entire LLL 

0 

1 
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Table IIT. PiiEBnxCE on Ansr,.'{rr. op Kputdm, GnAnn or Pnedaioxitir, axd Situation op 
T uuor. IN NnoraASTio OURTnumvE PxrujiONiTis; Neopusii; Met.astatic Lesions 


CASE 

SPJC 

AOE (vn,) 

TOMOa LOO.VTION, 

uitoNciins 

rNTnJMONTTTS, 
OHADE, IaODE 

SPUTUM, 

QUANTITY 

40 

M 

30 



0 

0 

41 

P 

.33 

TaUL (porlp)icml) 

E 

0 

0 

42 

M 

33 

RUIa (poripheml) 

U 

0 

0 

43 

F 

20 

ULR (poripheml) 

B 

0 

0 

44 

F 

51 

LUL (i>oriphoml) 

A 

0 

0 

45 

it 

37 

RLTa (poriplioml) 

A 

0 

0 

40 

r 

50 

R main 

A 

0 

n-1 

47 

F 

07 

L (lung, poripheml) E 

0 

1 

48 

F 

51 

LLL (iwriphemll) 

A 

0-2 

1 

40 

it 

47 

LVIa (iiorinhoml) 

A 

1 LUIa 

1 

50 

it 

3S 

RUL 

C 

2 RUL 


51 

F 

,30 

R (lung, poriplioml) 

E 

2 

o 

62 

F 

33 

R rantn 

A 

.3 RLL 

3 

53 

it 

2S 

R main 

F 

3 R lauR 

3 


•Cylindroma prlmarj' In imcltMi. 
tArene of nocroal^ In tumor. 

A, Adenocarclnomn. 
n. Flbrojinrconm. 


C, Ostooffcnlo rnrcomo. 

1>. Chorlonopithflloma, 

H. Lymphosiircomn. 

K. Grmlc ■< tomto<*arclnoma. 


oldest Avns 01 years old; tlie nvemRc mean age was 3C.G years. Among those 
who had hronchiogenic earciiionins, the youngest patient wa.s 28 years old; the 
oldest wa.s 09 years old; the ar'cragc age was 54.1 years. Among the patients 
who had a metastatic malignant proee.ss. the youngest patient was 20 jxars old; 
the oldest, 07 years old; the average age was 41.1 years. Of the entire group of 
neoplasms, 21 per cent were adenoma.s. 09 per cent were In'oncliiogenic car¬ 
cinomas, S per cent were metastatic malignaneies, and 1 per cent alveolar cell 
carcinomas. Of the hronchiogenic eurciuomiLs, 47 jicr cent were the squamous 
cell type, 27 per cent were the indeterminate large cell type, 9 per cent wore 
the small or oat cell ttqic, and 17 per eont were the adenocarcinoma type. 


comnmATioK uetweex the ajiocnt ok onsTROcritTe rNEUJiONrns and sputdh 
It is apparent, from an examination of the tables, that tlioro is a verj' 
liigh degree of correlalion heUveen the amount and degree of obstitictive pneu¬ 
monitis and the amount of sputum. Tho fact that sputum is present when a 
pntlOJlt ]lQS QU fldenorun as well ns wlicn a patient has a broncliiogcnic carcinoma 
is c\'idcuce that the replacement of the normal bronchial mucosa vrith carcinoma, 
which occurs with remarkable consistency in broncbiogonic cai'cinomn, is seldom 
a factor by itself in the production of sputum (Fig. 11, a and h). Nonneo¬ 
plastic benign mucosa overlies bronchial adenoma, with the exception of periods 
in which the patient is bleeding. Except for transient periods, ulceration of 
the benign mucosa does not overlie the adenoma. 

Sputum was present in 2G of the 37 patients who had adenomas and absent 
in 11, or 29 per cent (Table I). It is misleading to sny that a patient never has 
sputum, because most persons at one time or another can raise secretions from 
their bronchial trees in the fom of sputum, and we are certain that although 
there wore .patients who said they did not have sputum, many had minim al 
amounts at irregular intervals. 
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Table TS’’. Pbesekce ok Absence of Spittuai, Grade op Pneoiioaiitis, and Sitdatiox of 
Tumor in Neoplastic Obstructive Pneumonitis; Neoplasji; Bronchiogenic 
Carcinoma, Squ^vmous Cell Type 


CASE 

sex 

age (tr.) 

j TUMOR LOCATION, 
BRONCUUS 

PKEDM:OKl'nS^ 
GRAPE^ LOBE 

spimiM 

QUANTirv 

54 

M 

53 

L main 

0 

0, 

55 

ar 

58 

L main 

0 

. 0 

50 

M 

44 

L main 

0 

0 

57 

M 

57 

EUL 

0 

0 

58 

ai 

oS 

LUL 

0 

0 

59 

ai 

54 

ELL 

0 

0 

60 

ai 

52 

EUL 

0 

0 

01 

ai 

53 

L main 

0 

1 

02 

ai 

55 

ELL‘ 

0 

4 

03 

M 

51 

EUL 

0‘3 ItUXi 

1 

64 

M 

57 

1 ELL 

0-4 ELL 

2 

55 

M 

59 

> ELL 1 

1 

1 

06 

ai 

55 

1 LUL 1 

1 LUL 

2 

67 

ai 

06 

LUL 

1 LUL 

1 

68 

ai 

40 

L main 

1 LLL 

1 

69 

ai 

60 

E main 

1 ELL 

1 

70 

ai 

66 

ELL 

1 ELL 

1 

71 

ai 

60 

E.aiL 

1 RaiL 

1 

72 

ai 1 

59 1 

% L lung 

1 LUL 

3 

73 

ai 

41 

LUL 

1 LUL 

1 

74 

1 M 

55 ' 

ELL* 

1 ELL 

4 

75 

ai 

49 

ELL 

2 ELL 

2 

76 

ai 

43 

EUL 

2 EUL 

2 

77 

ai 

55 

RaiL 

2 EaiL 

1 

78 

F 

58 

LUL 

2 LUL 

1 

79 

ai 

44 

ELL 

2 ELL 

3 

SO , 

ai 

54 

LLL 

2 LLL 

2 

81 ' 

ai 

62 

ELL 

1 2 ELL ' 

3 

82 1 

x\r 

54 

ELL 

3 ELL , 1 

4 

83 

ai 

46 

ELL 

3 ELL 

2 

84 

ai 

60 

LLL 

3 LLL 

2 

So 

ai 

61 

EUL 

3 EUL 

4 

86 

ai 

48 

ELL 

3 ELL 

2 

87 

ai 

51 

ELL 

3 ELL 

2 

88 

ai 

60 

ELL 

3 ELL 

1 ^ 

89 

ai 

52 

ELL 

3 ELL 

1 o 

1 ^ 

90 

ai 

55 

EUL 

3 EUL 

1 4 

91 

ai 

55 

L main 

3 1,1 lung 

1 4 

92 

ai 

48 

LUL 

3 LUL 

4 

93 

ai 

64 

ELL 

3 ELL 

2 

94 

ai 

50 

L main 

4 LUL 

4 

95 

ai 

48 

ELL 

4 ELL 

4 

96 

ai 

44 

EUL 

4 EUL 

2 

97 

ai 

52 

LUL 

4 LUL 

4 

98 

ai 

02 

LLL 

4 LLL 

4 

9y 

ai 

62 

ELL 

4 ELL 

o 

O 

100 

F 

52 

E main 

4 ELL 

4 

101 

ai 

69 

LUL 

4 LUL 

3 

102 

ai 

49 

LLL 

4 LLL 

4 

. 103 

ai 

48 : 

LLL 

4 LLL 

3 

104 

ai 

51 

LLL 

4 LLL 

2 

105 

ai 

39 

LUL 

4 LUL 

3 

106 

ai 

•J< 

ELL 

4 ELL 

4 

107 

ai 

50 

EUL 

4 EUL 

4 

108 

ai 

56 

ELL 

4 ELL 

3 


•Ceutral necrosis of tumor. 
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Tahij; a. l>iiFJir_\n; or. Aiweate or Pn-TtiM, Gr-.M>E or and Sitoatjon op 

TUMon IX Xporr-vsTir, OB.xrormvn Pnei-moxitib; Neopi.abji: BnnxniiooENic Catcpkoma, 
Ixi'irrrjiMix.iTK LAnoi; Cei.l Type 


atsE 

KEX 

AOE (TP..) 

TDlfOR LOC.\TIOX, 

Dnoxriins 

rNEpjfo.viriN. 
nRADE, LOBE 

flpnrmt. 

QtTAKTTTT 

109 

F 

OS 

LFL 

0 

0 

nn 

M 

55 

BUT, 

0 

0 

ni 

M 

ns 

P (puporior mjIcub) 

0 

0 

112 

if 

54 

PUB (pt'ripboml) 

0 

0 

nn 

M 

07 

T,UL 

0 

0 

114 

M 

57 

LD7, 

0 

0 

115 

. F 

50 

PIT, (poripheml) 

0 

0 

no 

M 

55 

PT.B (poriplicm!) 

0 

0 

117 

M 

51 

Entire RMB 

0 

0 

118 

51 

37 

Entire PUI. 

0 

0 

no 

51 

4n 

Iil^L (|^eri[^lleml 1 

0 

0 

120 

51 

C4 

RBL (peripheral) 

0 

n 

121 

51 

GO 

BBB 

0 

0 


F 

2S 

B nmtn 

0 

0 


51 

00 

PBB ((H^iphentl) 

0 

0 

124 

F 

50 

LT,L (peripheral> 

0 

n 

125 

51 

OS 

RLI, (peripheml^ 

n 

0 

120 

51 

GO 

RUB 

0 

0-1 

127 

51 

00 

BUI, (pcriphemJl 

0 

0-1 

12S 

M 

00 

PUB (peripheral)* 

0 

1 

120 

51 

40 

LUB* 

0 

1 


F 

00 

RLT, (|K*ripheral)* 

0 

1 

ini 

it 

00 

RUB (peripheral 1 • 

0 2 nUL 

1 

132 

51 

01 

L main 

) i.ll 

1 

133 

5C 

04 

L main 

1*3 X, luufc 

1-2 

134 

M 

nn 

RUB 

1 RUB 

1 

135 

M 

02 

RLB 

2 ni.L 

n 

130 

51 

59 

P main 

2 PUU 3 RBT. 

4 

137 

51 

50 

RUB 

2 RUB 

1 

m 

51 

52 

LLB 

••1 LBL 

8 


51 

51 

LBL 

.3 LLL 

.8 


, M 

4S 

BUB 

3 LUL 

2 


•Central necrtwlf of tumor. 


Table VI. rREscNcr. on Absk.vcf. of ClrwM>E of P.vniJMONiTis, and Situatiok or 

TPMon IN XE»)rrjvsTic OnsTRuernT. PNH*^ioNmK; XF/)ri..\Bxt: Broncuiocienic C.\ncmoiLA, 

ADE.\'0<”AnCINOMA TYPE 





TUMOR LOa\TJON, 

rNEOMONITIB, 

SPUTUM, 

CASE 

BEX 

AOE (ye.) 

BRONCHOS 

aR.\JlE» LOBE 

quantity 

141 

F 

08 

RUB (pcripbcml) 

0 

n 

142 

M 

GO 

RUT, (peripheral) 

0 

0 

143 

51 

40 

LUB (peripheral) 

0 

0 

144 

51 

O-l 

RUB 

0 

0 

140 

5f 

67 

T, mnin 

0 

0 

140 

M 

54 

LLB (poriphorol) 

0 

0 

147 

F 

08 

BUL (periphomi) 

0 

0 

148 

M 

on 

RLL (peripheral) 

0 

0 


M 

51 

RLL 

0 

0 


F 

on 

LUT, (periphomi) 

0 

0 

151 

152 

5r 

M 

55 

58 

LLL (peripheral)* 
RT,T, (suporior)jr)t 

0 

0 

1 

■ 103 

• 51 


LLL 

0-3 LLL 

2 

164 

51 


LUL (poriphernl) 

1 LUL 

1-4 

155 

M 

38 

B main 

2 RLL 

3 


M 

57 

RLL 

2 RLL • 

2 

157 

51 

59 

RLL 

2 RT,L 

1 

JOS 

5r 

00 

LUL 

3 LVL 

3 

159 

M 

47 

B main 

3 B Innp 



51 

37 

B main 

4 R lunp 

4 


•Central necro»lfl of tumor. tPulniormr>' Infarction. 
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Table YU. Peesen'ce op. Absence of Spctdm:, Grade of PxEtnroATns, aat) Situation of 


Temof. Es Neoplastic Obstp.e ctive PA'EEiioxras; Neoplasm: Brokchiogenmc CAP.cixoir.\, 

Small op. Oat Cell Type 


CASE 

1 SEX 

AGE (TP..) 

TUMOR LOCATION, 
BROKCHUS 

PirSUMOXITIS, 
GRABE, LOBE 

SPUTUJI, 

QUANTITY 

161 

i ^ 

49 1 

RUL (peripheral) 

0 

0 

162 

I V 

56 1 

LUL 

n 

0 

163 

i V ; 

66 

ELL 

0 i 

0 

164 

, ' 

54 

LUL i 

1 LUL ! 

1 

165 

! • r 1 

45 

LLL 

1 LLL 

1 

166 

1 ^ 

56 

E main 

1 ELL 

1 

167 

! V 

4S 

E main 

1 ELL 

1 

16S 

1 

' 56 

EVIL 

' 2 EVEL 

2 

169 

S AI 

52 

L main 

3 LLL 

2 

170 

1 VI 

j S6 

ET.L 

3 ELL 

2 

171 * 

! VI ! 

1 33 

LUL 

4 Ltrr. 

4 


Of 2 patients ■wlio liad alveolai- cell eai-einoma (Table II). one gave no 
history of spntnm and the other gave a historv' of minimal amounts of it. 

Thirty-seven, or 31 per cent, of 118 patients who had bronehiogenic carci¬ 
noma gave no liistory of sputum (Tables IV, V, VI, and VII). Among the 
several types of broncMogenie careinoma, it is evident that the more peripheral 
the situation of the careinoma tended to be, the less was the chance for the 
development of sputiun. This was particularly true of the adenoeareinoraa type 
of lesion and of the large cell indeterminate t.A*pe. The reason for this, it would 



FIs. 11 (Ca« W).—a. Squamous cell bronehiogenic carcinoma of the left main bronchus: 
the normal Droncmal mucosa Is replaced by carcinoma (X150); h, the periphery pulmonaiT 
tissue in the same case Is normal (XlOO). tHematoxylin and eosin stain.) 
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seem, is tlml tlicso lesions tend to be more iioriphcrally sitimted timn do the 
oilier types of broncliiogeniu eiii-einomn, imd (his ])pripliend location means that 
the clmnec of their obstrueting n larger broneluis and producing obstructive 
pneumonitis is diminisliptl. 

In the group of 14 patients who bad mclnslalic neoplasms, 6 had no sputum 
(Table ITT). 



, Wa. 13 (Cniw 02).—A Inntc, Munmoun n-ll lypo oi uronciiMiKcnii; ^ ...u ...... 

lower lobe (boo Kip. 3. n), with nmoBlvc liocroBls i\n<l cavlUitlon of the control jrortlon of tlir 
tumor. Tlio nocrotre contml portion of thl» tumor won the factor whlcli producoU ooplouB rputuin 
In tho patient (Table r\p. 


In a small percciitago of ca.scs, there was not on ahsoluto coiTclation lie- 
tween the tpiantity of sputum and the severity of obstructive pneumonitis. It 
wa.s felt that when leek of coiTclation did occur, it fi-C(|uent]y could be o.'ciilaincd 
on the basis of central neorosLs of the tiunor (Figs. 12 and 3, a). In sucli 
instances, the neoplasm was large and tho central portion of the tumor had 
undergone necrosis and had evacuated through a bronchus, producing sputum. 
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This evacuation of the necrotic center of the tumor produces an excavating 
carcinoma. The onset of sputum, under these circumstances, usually is sudden, 
and the sputum itself is voluminous. It is noteworthy that such evacuation did 
not occur in association with anj^ of the adenomas which, because of their slow 
gro'wth, as a rule do not exliibit necrosis. In one instance (Case 117) there was 
infarction of nonneoplastic peripheral pulmonary tissue, which it was felt ac¬ 
counted for the production of sputum. 

We are unable to find any correlation between (1) the presence or absence 
of sputum and the amount of sputum with (2) the duration of symptoms. We 
considered the possibility that the presence or absence of sputum and the amount 
of sputum might depend, to some extent, on whether the lesions were situated in 
the upper or lower lobe, inasmuch as there is more dependent drainage from the 
upper lobe. This did not prove to be the case. 

Certain patients who had bronehiogenie carcinoma do not have any sputum, 
and in such cases if the carcinoma is inaccessilile bronehoscopically, the only way 
to ol)tain cellular proof of the carcinoma is to examine secretions removed 
bronehoscopically. However, as has been stated, it is our feeling that many 
patients w^ho have cancer of the lung can produce a smaU amount of sputmn 
which may be adequate for cytologic examination. It would appear that the 
presence of measurable amounts of sputum, since it is dependent upon pneu¬ 
monitis, is not an early symptom of primary carcinoma of the lung. 

summary 

We have described the histopathologic changes in the periphery of the lung 
secondary to an obstructing neoplasm of the bronchus. 

It was felt that it would lie more nearly accurate to tern this condition 
“obstructive pneumonitis” rather than the commonly employed term, “ate¬ 
lectasis.” 

We have shown that there is a veiy high degree of correlation between the 
liresence of this tjqie of pneumonitis and the presence of sputum. 
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CYTOLOGY OF LKONCinjVL SECRETIONS 

Its Role in the Duonosis of Cancer 

AYiluam L. AYatron, AI.D., and (dv inmtation) Henry Cromwell, JIJ)., 
Lloto Graver, il.])., and Georoe N. Papanmcouvou, AI.D. 

New A'ork, N. A'. 

T ins (liseiLS-sion nttpinjits to idori'IiI the experience of the ciiiiieijin jind the 
surpeoii \ntli tlie inetlioil of celluliir mUuIv of hrouchinl Recrefioiis in rela¬ 
tion to the ilinpnosis of enneer, niul to evnliinfe slntistically our fiiulinps with 
those previous reports on this topic wliieh have conic for the most part from 
the eytologist, tlie pnlholncist. or the endoscopist. 

I’npnnicolnou, who has done so louidi to esinhiish on n sound footinp the 
cell .smear method of dinpnosinp enneer, has liimsclf pointed out that there 
is nothinp new in this method, and the historical fact is that the examination 
of body fluids for the deleetion of cancer cells dates hack to the nineteenth 
centurj’. Beale (16G0), Sanders (ISGI), Quincke (1S75), and Hampcln (1S7G) 
succeeded in identifyinp cancer cells in sputum. Dudgeon and AYrigley of 
England (1935), and AYandall of Denmark (1944) have reported good results 
in their o.Yaminntion of .sputum smears for nenplnutir cells. 

On June 22, 1945, the Gist sputum speeimen in thi' series under discussion 
was smeared and studied at .Vow A'ork Hospital. The material was from an 
ohseurc ease of Cromwell’s, in which there was a clinical suspicion of cancer 
of the lung. The jiatient hud a serospnpuincous sputum and the x-m.v findings 
were suggestive. The sputum smears were not jiarticularly pood and disclosed 
nothinp umtsual except for one group of cells with enlarged hctcrogcuenus 
and hyperchromatic nuclei. The.se were diagnosed ns a group of malignant 
cells and the suhsequent hronehoseopy revealei] no definite endobronchial 
changes, hut at thoracotomy, a nonrcseetahle lung cancer was revealed. A 
mediastinal node excised at this lime proveil the growth to he an undifTerenti- 
nted type of hronchiogenie carcinoma. 

CLINICAL MATERLVL 

Following this initial success, it soon became c\-ident that a detailed 
cj-tologic study of sputa and hroiichial secretion obtained from a large number 
of persons nfllictcd with a varieD' of pnlmoimiy and hronchial diseases would 
he necessary before the difTerential, diagnostic value of the smear procedure 
in the detection of pulmonary eainecr could he detoniiined. 

Bronchial secretions or sputa liaA'c hecii studied in a series of 1,200 cases, 
and the number of spceiniens studied for each patient vailed from one to 
seven. A majority of the earlier patients, however, suffered from inflamma¬ 
tory lung conditions rather than cancer, and so for the clinical portion of 

From tlio Tlioraclo Surslcnl Sen-Icc. Memorial Hoaaltal. 

Head at tho Twontr-cichtli .Annual Mootlnc of The American Asooclntlon for Thoracic 
Rurgerj-. Quebec, Cnnndo. Mnr 81, Juno 1. 2. 1548, 
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lu each, of 18 cases in which operation has been undertaken on the basis 
of a Class V cytology report, the diagnosis has been confirmed. At Memorial 
Hospital 7 pneumonectomies hai'e been correctly undertaken when the only 
positive preoperative histologic evidence to justify the procedure was a Class 
V report on sputum or bronchial washing. 

In the present series of 236 bi'onchiogenic caneei-s, there have lieen 141 
positive reports (Classes IV and V), giving an accuracy rate of 60 per cent. 


TiVBLE II 


Cases studied 

400 

Proved bronchiogenic cancer 

236 

Positive sputa 

1121 

Positive bronchial aspirate 

27] 


The percentage of accurate positive reports In the recent cases is nearly 90 per cent 

CASE REPORTS 

Case 1.—W. M., a man, 56 years of age, eompla'iiied of chest pain of eight monthfi’ 
duration, a clironic cough, profuse sputum, and fourteen pound.s loss of weight.' Physical 
examination revealed suppressed breath and voice sounds of the right lower chest. 

X-ray Xeport. —X-ray e.xamiuation showed segmental atelectasis of the paravertebral 
segment of the right lower lobe with no definite clue from the films as to the etiology. An 
endobronchial tumor as well as bronchiectasis had to be considered as possibilities. Bron- 
choscopic examination was advised in view of the possibility of bronchiogenic cancer. 

Bronchoscopy. —Bronchoscopy findings were entirely negative. 

Bronchial Washings. —There was conclusive evidence of a malignant neoplasm, most 
likely a bronchiogenic cancer. Class I'. 

Gross Specimen. —The right lung was removed by pneumonectomy. On the lateral pos¬ 
terior portions of the lower lobe the pleura was puckered and a nodule was palpable be¬ 
neath it. At the bifurcation of the right lower lobe bronchus a creamy white, firm, infiltrat¬ 
ing tumor was noted. Distal to tins the lung tissue was firm and on section the bronchi and 
bronchioles were dilated and contained yellowish-green, thick, pusbke material. Sections 
through the posterolateral portion of the lower lobe showed multiple areas of firm, yellowish- 
gray tissue lying immediately below the pleura and surrounded by noncrepitant dirty, gray- 
brown lung tissue. At the point where the cancer began in the bronchus there was a 1% cm. 
node, and in the hilus there were four soft nodes. 

Microscopic Sindy. —Bronchiogenic epidermoid carcinoma, grade TI, was found. The 
extrapulmonary nodes showed no tumor. Bronchopulmonary nodes were positive for cancer. 

Case 2.—^D. 'SV., a man 50 years of age, complained of a slight cough. Ho gave a liistory 
of having had virus pneumonia in August, 1947, and again in December, 1947. January, 194S, 
MonUia were found on pure culture. Physical examination revealed moist rales in the ng 
posterolateral base of the lung and an old right apical tuberculosis. 

X-ray Beport. —In the right lower lung field, there was a two-inch patch of infiltration 
with ill-defined borders. There were a few productive, tuberculous changes in the rig 
infraclavicular region. Findings seemed most consistent with an inflammatory process. 

Bronchoscopy. —Findings at bronchoscopy were entirely negative. ■ 

Bronchial Washings. —There was conclusive evidence of a malignant neoplasm. M. ig 
nant cells were numerous, Class V. 

Gross Specimen. —The specimen consisted of the entire right lung. In the 
two firm, partly calcified nodules. The upper and middle lobes were otherwise norma 
the upper portion of the lower lobe was not remarkable. The basal portion of t le o 
lobe was almost completely replaced by a large moderately firm tumor mass measuring _ ^ 
10 by 8 cm. It was smooth, firm, pinkish-yeUow in color and extended to the visce p 
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A. 



B. 


Fig-. 3 (Case 1).— A, Bronchial washing spechiicn showing cancer cells. Class V. B, 
histologic section of the operative specimen sho-wlng epidermoid carcinoma, Craue 


Fonnnl 

n. 
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no 



Pip- < (Cnfft' 2).—Chrt-t tailluKt.si'h*' ^liiiwina' a i> i-iii. patch of inrtitratlon with III- 
‘leDDinl IxmltT* In tho rlchl lowor Uinc thouKlit t-» l»' conul^toni nith nn InHanmiatorj' 

Unwjim, ** 


, 5 (CojM! 2).—Clpofw epccimcn cowIatlnK of an cntlro right lunt The bajial portion 

or the lower lobo la alinoat completely replaced by tumor but without ulceration of bronchua 
or bronchJolf^ 
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A. 



FIp. 6 (Case 2).— A, Bronchial washing- specimen showing conclusive evidence of 
chlogenic cancer. Class V. B, Formal histologic section of the operative specimen showms 
peripheral bronchiolar carcinoma of lung, grade II. It has some papillary and pseudoglanuuu 
fea-tures. 
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over a Arido nrcn. Distinct subplcuml no<lulos similar to tho ninin tumor ^To^c scon nearby, 
bat tlicro was no ulceration of tho bronchus or bronchioles. 

2Iicroscopio Studp. —Cnreinoma of the Imtg, grade IT, pcri(iheml hronchiolar type hnvinp 
papillary nnil psoudoplandulnr features uns reported. About the main tumor were multiple 
satellite tnmor bodies. It could not be nscertnlncd whether these represented multicentric 
primary prowths or whether their sours'e nu.s from the nmin Itulk of the tumor. Two hilur 
nodes showed motnstntic cancer. 

COMMKNTS AND CONCLUSIONS 

The method of c-Nniniiintion of s|)utn and bronehial secretioim for eiiiieer 
ccll.s has boeomo a routine witli ns in every ease in which an intrathoraeic 
neoplasm is mtspeeted. It has become an additional, complementary, diag¬ 
nostic mea.surc. It is not a substitute for the alread.v well-established and re¬ 
liable methods previously used in establishing the diagnosis of lung cancer. 

It is apparent, however, that cytologic studies will sometimes be the only 
way in which lung cancer can be definitely diagnosed prior to operation. 
Com])etcnt ctdologists believe their positive smear diagnosis of pulmonary 
cancer is ns tntstworthy ns that made by the pathologist from a study of a 
histologic section of tissue removed at biops.v. Many eonseientious tlioracic 
surgeons feel more confident about proceeding with radical surgoiy when a 
positive diagnosis has been established microscopically. 

In our busy out])nticnt deportment, wc find that cytologic studies tend 
to lessen the interval between the first clinic visit and admission to tho hospi¬ 
tal for surgical care. Because wc have a limited in)iaticnt hed capacity, the 
proectlure has helped us to select suitable eases for admission and to cut down 
the number of days of hospilalirmtion prior to surgery. 

Four hundred consecutive ndmissioms to llemorinl Hospital were studied. 
There were 23G cases of proved bronchiogenic cancer. There were 112 posi¬ 
tive sputum reports and 2!1 positive bronchial washings, a positive cytologic 
diagnosis in GO per cent of the ca.scs. 

There were 17G bronchoscopies, and G.3 positive biopsies were obtained 
(37 per cent); 98 aspiration biopsies were done and 85 positive iTiiorts re¬ 
turned (8G per cent). 

Tabi.e III 

Provrd bronchiogenic eancer 
Dronchoaoopioa 
Positive broaclioscoplc biopsy 
Aapiration biopsy of lung 
_ Foaltlvo aspira t ion biopsy 

.V poslUvo bronctioscoplc tllasaosls of concer wits obtainefl in 3G per cent of the cases 
sna ss per cent of the aspiration biopsies of lunjr were positive. 

Practically all of the patients in this series had had a I'ccont diagnosis of 
])ncni»onin nindc by tlicir family doctoJ-s. If the thoracic surgeon is to cure 
more patients "with bronchiogenic cancer, he must have more early cases, and 
one way to got these early cases i.s for tho internist to view ’with suspicion 
each case of “atypical pneumonia” in n patient over 35 years of age, and every 
patient "wnth recurnng “'\'irus pneumonia’* or ^^nnresolved pneumonia” should 


230 

170 

03 — 30 % 

98 

8 ^— 86 % 
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have a bronclioseopy and complete cytologic studies. A diagnosis of pneu¬ 
monia probably is not justified if subsequent radiographs of the chest do not 
show the absence of pneumonia. Early eases will be found also on routine 
chest x-ray studies and mass survey. 

Early, operable, and curable cases of bronchogenic carcinoma can be de¬ 
tected by cytologic measures. 

REFERENCES 

1. Herbut, Peter A., aud Clerf, Louis H.: Brouchogeuic Carcinoma; Diagjiosis by C 3 ’tologio 

Study of Broucboscopically Removed Secretions, J. A. M. A. 130: 1006-1012, 1946. 

2. Papanicolaou, George N.: Diagnostic Value of Exfoliated Cells Prom Cancerous Tissues, 

J. A. M. A. 131; 372-378, 1946. 

3. Papanicolaou, George N.: The Cell Smear Method of Diagnosing Cancer, Am. J. Pub. 

Health 38: 1948. 

DISCUSSION ON “oBSTRUCTHT: pneumonitis of NEOPLASTIC ORIGIN” BY DR. JOHN 
MC DONALD, DR. STUART W. HARRINGTON, AND DR. 0. THERON CHtGETT;* AND 
“cytology op BRONCHIAL SECRETIONS” BY DR. MULLIAM L. WATSON, 

DR. HENRY CROMIVELL, DR. LLOYD GRAVER, AND 
DR. GEORGE N. PzVPANICOLAOU 

DB. .JOHN H. GIBBON, JR., Philadelphia.—^Wo have complete confidence in a diag¬ 
nosis of cancer of the lung based upon the finding of neoplastic cells in the bronchial secre¬ 
tions. "VVe reported upon this method last year before this Association. I was particularly 
pleased to hear Dr. Watson speak of false positive diagnoses. The method actually will bo 
of little use if there is a false positive. Two years ago, we made one false positive diagnosis. 
This patient had a large pulmonary abscess and we did a pneumonectomy. We have had no 
false diagnoses since then. 

I think it is only fair to the pathologists to say tliat they frequently need more than one 
specimen to make a positive diagnosis. Bronchoscopy has been done in some of our patients 
four or even five times before the pathologist has been able to find neoplastic ceUs in the 
bronchial secretions. Sometimes if there is adequate cUnical evidence we operate without a 
positive tissue or cellular diagnosis. 

The incidence of positive finding of neoplastic ceUs in the bronchial secretions is ap¬ 
proximately 90 per cent, wliich is quite high. . The incidence of positive tissue diagnosis is 
between 40 aud 50 per cent. I think these two authors are to be congratulated on this very 
interesting addition to our diagnostic procedures in this disease. 

DR. JOHN W. STRLEDER, Boston.—I should like briefly to record our experience 
at The Boston City Hospital. Dr. Donald McKay and Dr. Paul Ware have been working on 
this diagnostic method for tliree years and have examined more than 1000 smears. That 

does not mean 1,000 cases, but, as has been suggested, we believe that at least three read¬ 
able smears should be examined before they are considered to be of diagnostic value for a 

given case. It is of interest to discuss the two methods (sputum and bronchial secretions), 

as to whether one or the other is of greater value in the study of exfoliated tumor cells. 
Perhaps both specimens should be used in the given case so that maximum diagnostic precision 
may result. Tumor colls in the sputum may come from the larynx or esophagus, but it should 
be simple to rule these tumors out. It is the late suppurative pulmonary lesion, that is fre¬ 
quently accompanied by roentgenographic change, in which diagnosis by sputum examination 
is easiest. I would like to mention the simplified method of obtaining bronchial secretioiis 
for smear by means of the aspirating tube that Dr. Ware has devisedt and that is now being 


•See page 97 for article by McDonald, Harrington, end Clagett, 

INow being manufactured by George P, Pilling & Son Co., Philadelphia, Pa, 
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rondo by Pillinp. By mcnns of this tube, Bocrctloufl mny be token ^rith oonflidcrnblc prceislon 
from n suspected zone In the bronchial tree. 

Table I is a summary of 170 eases among which were 54 cases of brondiiopcnlc car- 
einomo. 

Tahi*k I 


Total numlwr of bronchoscopic cases 

170 


Number of cases of bronchlogenic enreinonm 

54 


(a) Histologic diagnosis 

4S 


(b) Clinical diagnosis 

0 


Po.flitlve smears (54 ca.«es of cnrelnonial 

40 

C74%) 

False negative smears 



(Carcinoma present; sinenr negative) 

14 

(20%) 

False positive smears 



(No carcinoma; smear positive) 

3 


Total number of errors 

17 

10%,) 

Total smears Positive 

Negntivo 

Bronchoscopv positive 2P (54(^) 2G <4S9f) 

3 

( 6%) 

Bronchoscopy negnllvo 25 (46^> 34 (25^^^ 

11 

(20%) 

Total 54 cnee. 40 (74%) 

14 

(26%) 


It will Ixi scon that fl eases of histoloj;icnny unprovcil can;inoum arc includeil in tlie 
5-1. Those sromofl, clinimn.v, to lx> unet^uivo^nl rasr^ of bronchiogenic ennrer nnd wero in- 
eluded bocauso they test the method under ndvi-ive stutistirnl eireurostanecs. If tlioy arc 
excluded, the percentage of jkjsUIvo smears (in 4S prove*! emre's) riw's to 83 per cent, ntid the 
posltiro bronehoscoplc tissue diagnoses to 50 per ••ent. 

DIt. CLAUKKCK CltAFOOBIb Stoekliolm.—The pntholopi-t« with whom we arc work¬ 
ing oro always vorj' eautious when stating whether or not ec)b m smears from tho sputum 
are poritivo for malignancy. Boctia«c of that we have tru'd ns far as possible to get broncho- 
Kopic biopsy specimens for them. By using specially cou>frurtod bronelioscopic biopsj' 
forceps the incidence of positive biopsies can bo considcrnbly iocron^ed. Wo now use flcxiblo 
thin forceps with which wo can go out into small bronchial ))nu3chcs with tho gnidanco of 
x-ray in order to got small pieces of tissue from diseased areas. In many of these eases tlie 
biopsy is taken far Iwyond tho field of vision in the bronchoscope. By this means wo now 
havo jrosltivp biopsy answers in about 80 per cent of our rnse^ of carcinoma of tho lung. 

BR. ilcDOX^VLT).—I hnd not intended to discuss tho results that wo have had In 
studying sputum nnd bronchial secretions for enneer ceils, but I bellovo that a few words 
might bo said. At the present timo, wo have Iind somcro’bat more than 200 cases in which 
wo have rondo a jmsltlve diagnoais on tho basis of sputum or bronchial secrotions or botli, 
nnd wo feel gratified with tho accuracy and renults of this method of ax.iminntion. We 
l)eHcTc tlint it is n mloablc diagnostic* nhl. 

1)11. WATBON.—I would llko to say tiint each jmtient coming tlirough our Thoracic 
Clinic lins cytologic studies carried out on soveml sputum specimens while he is an out¬ 
patient, nnd when hospitalized and bronchoscoped the suspected bronchus Is always washed 
with snlino and the aspirated material studied for tumor cells. Bronchial washings mny 
bo positive before tho patient has begun to produce enough sputum for study. 

Cytology institutes nnd some private medical laboratories nre now set up to study and 
report oa sputum specimens sent in by tJm famUy doctor. This increase in tho range of nse- 
fulnesa of tho cytology method shoold lead to tho discovery of ansuspoctod early bronchlogenic 
carcinomas suitable for sargory. 

Eadi suitable patient suspeeted of haring bronchlogemo carcinoma shonJd have a bron¬ 
choscopy, and, if tho diagnosis cannot bo established by biopsy, a bronchial aspimto of the 
s^pected bronchus should bo obtained, 




rNTRATHORACIC ]MENINGOCELE 

SURVEY J. ]\Ieni>ei.sohn, ]\'LD., and Earle B. Kay, M.D. 
CLEVEiiAND, Ohio 

I T IS nov accepted that surgical exploration and, if possible, extirpation is 
the treatment indicated for benign, malignant, and potentially malignant 
tiunors and cysts of the mediastinum. Although the differential diagnosis of 
these lesions has increased in accux’acj’, occasionally involvement of the medi¬ 
astinal IjTuph nodes by tuberculosis, Hodgkin’s disease, or one of the lymphomas 
cannot be distinguished preoperatively. Usually this is of no consequence. A 
biopsy is taken at the time of exploration, the diagnosis is established, and treat¬ 
ment can then be started on a rational basis. However, any means by which 
differential diagnosis can be improved and unnecessary exploration can he 
avoided should be sought. For this reason and because of the rarity of the 
lesion, a case of mediastinal meningocele simulating mediastinal neurofibroma is 
reported. 

CASE REPORT 

C. T., a 40-j’ear-old vMte woman, was admitted to the Thoracic Surgical Service of 
Cleveland City Hospital on Aug. 8, 1946, for treatment of an intrathoracic tumor first diag¬ 
nosed in March, 1946, following a rontine photo-fluoro-roentgen survey by the Cuyahoga 
County Tuberculosis Clinic. The patient had no symptoms at this time. In May, 1946, she 
developed mild attacks of dyspnea and snbsternal oppression lasting only a few hours. 
These attacks increased slightly in duration and severity during the next few months. 

The significant fln.dmgs on physical examination at the time of admission were numer¬ 
ous cutaneous and subcutaneous nodules and a few caf6 au lait spots, all typical of generalized 
neurofibromatosis. The only other significant findings were confined to the radiologic exam¬ 
ination of the chest and thoracic spine. X-rays of these areas ns demonstrated in Fig. 1 
(A, B, and C) showed a homogeneous ovoid mass in the right paravertebral gutter adjacent 
to the sixth, seventh, eighth, and ninth thoracic vertebrae and four 1.5' cm. circular defects 
involving the posterior portions of the bodies of these vertebrae and the regions of their 
spinal nerve foramina. 

The tentative diagnosis was posterior mediastinal neurofibroma, probably multiple, in¬ 
volving the adjacent vertebrae with hourglass extension into the spinal nerve foranuna. 
Neurological examination showed no evidence of intradural involvement. Reflexes, sensation, 
and muscle powers were normal throughout. Spinal fluid was normal ns were the spinal 
fluid dynamics. In view of these findings, it was felt that an exploratory thoracotomy was 
indicated. 

Operation .-—On Aug. 12, 1946, under intratracheal anesthesia, a right posterolateral 
incision was made through the bed of the resected eighth rib and the tumor was exposed 
transpleurally. A cystic tumor, measuring 3 by 4 by 8 cm. and covered by parietal pleura, 
was found just lateral to the bodies of the sixth, seventh, and eightli thoracic vertebrae. 
It was apparent that the mass was not a neurofibroma, but that it communicated with tlie 
subarachnoid space of the spinal canal through one of the circular defects seen in the x-ray 
views. In attempting to free the cyst from the parietal pleura, the cyst was entered and 
several ounces of tliin, clear, colorless, watery fluid escaped. The cyst was then widely opened 
and found to communicate through the enlarged seventh spinal nerve foramen with the 
spinal subaraclmoid space. (Fig. 2.) A normal spinal cord and nerve roots could be seen 
in their usual positions. The defects in the other three adjacent spinal nerve foramma 
cotdd be seen and felt. They were covered with parietal pleura which bulged moderately 
before the cyst was opened. These areas were not disturbed. 

From the Department of Thoracic Surgery, Cleveland City Hospital. Western Reser\e 
Universltj-. 
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Tlio CM^t wall wns smooth, gligtoiiing, and vorj' thin. No solid tumor or fissocintion of 
tlio cjTrt. with a norvo ^tia found. Tho neck of tlio cyst was freed froiu tlio imriotnl pleura 
and the defect into the fubninchnoid spnec wna cloae<l by ImbrjcatinR tho cynt wall and tho 
parietal pleura with interrupted silk sutures. A eninll amount of talc \vn» Bprinklc<l over the 
pleura in this area, to promote fibroais. Tho lung was ro-oxpanded aud the incision was 
then closet! in layers, without dralnapo. 
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The postoperative course was uueventful except for moderate headache and backache, 
which disappeared in a few weeks. There was no reappearance of dyspnea. X-ray examina¬ 
tion immediately following operation showed the tumor to be almost completely gone, but 
roentgenograms nine days and one month after tlie operation showed a complete recur¬ 
rence. X-ray pictures one year later (Fig. 3) showed a complete regression and the patient 
continues to be well except for low back pain with sciatic radiation suggestive of a herniated 
intervertebral disc. However, the patient refuses further investigation. 



PIe- 2.—Cyst opened at operation showing defect into spinal canal at end of aspirator tip. 

The incidence of intrathoracic meningocele must be rare for Thompson' 
did nol. mention it in his complete review of the literature on mediastinal tumors 
and cysts, which includes large series by Blades,^ Heuer and Andrus,^ and 
othei’S. Hener's’' studj’^ of hourglass tumors of the spine did not include any 
cystic lesions that could be called meningoceles. Selunorl and Junghanns" men¬ 
tioned only solid hourglass tumors as causing enlargement of tlie spinal nerve 
foramina. 

Pohl® in 1933 reported the fii’st case of mediastinal meningocele noted in 
the literature. This was in a 47-year-old woman with a right convex kypho¬ 
scoliosis of the upper thoracic spine. She also had a generalized cutaneous 
neurofibromatosis.. The patient consulted a doctor because of the "grippe- 
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Dullness u*ns found in the ri^ht uj)]>er part of the chest, an x-ray examination 
was ordered, and a large, oval, well-deniarcatcd, homogeneous shadow was seen 
in the right upper posterior pai-t of the chest adjacent to the spine. AVitli a 
tentative diagnosis of neurotlhroma, the chest was exploi-cd transpleurally. A 
2 cm. defect was found in the lateral wall of tlic fourth thoracic vertebra 
through which the neck of the siiinal liuid-containing cyst communicated rritli 
the spinal canal and the .subarachnoid apace. The cyst was emptied and the 
defect closed with a muscle flap. The patient died from an empyema. 



Flff. 5.—PoBtorcmntt'rior fllni of chcut onr* y«-or after operation: no tumor visible. 

Cnbcllo-Cnm])os' in 1040 reported two easen apparently diagnosed 'without 
opemtion^ both in the liplit side of llu* chosl. One of these patients had 
cutaneous neurofibromatosis and i>oth Imd other congenital defects (spina bifida 
and congenital lung cyst), lie nindo the Htntemcnt that if one thiuks of tliis 
lesion, it can be diagnosed clinienlly. Freedbinder" oijcrnted on a middle-aged 
■'vomnn with cutaneous ncurofibi'oinntosls who had a meningocele projecting into 
the posterior mediastinum. One of the nutliors (E. B. K.) ol)ser\'ed an intra- 
thoracic meningocele n.s an incidental finding at the autopsy table. 

KTIOLOOY 

The freQuency with which neurofibromatosis is nssocinted with this type of 
meningocele is intei'csting. HngeLstam® reviewed the literature and fotmd 
ninety-four coses of spinal deformity in patients witli neurofll)romQtosi3, an 
incidence of 7 to 20 per cent in the various scries Tc\icwcd. Most of those were 
scolioses and kj’poscolioscs. Oiilv two had si)inal nerve root tumors. One of 
these showed marked ciosion of the spinal ucr\'e foramen and the other had 
eroded the neural arch. No cj^ic tumors communicating -with the subarachnoid 
space were .found. The voidehral defect may be congenital, but a brief survey 
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of textbooks^’ reveals no mention of identical lesions. The projection of 

the arachiloid on the spinal nei-ve root through the spinal nerve foramen may 
be the forerunner of such a cj'^st. 


DIAGNOSIS 

The diagnosis can be made fairly easily if one investigates all posterior 
mediastinal tumors showing abnormalities of the vertebrae with one of the 
following diagnostic tests: 

(1) Air myelography in the lateral decubitus position with the involved 
side up, 

(2) ]\Iyelographj* v’ith suitable radiopaque material in the lateral decubitus 
position mth the involved side do^vn, or, 

(3) Drainage of spinal fluid following which a decrease in the size of 
the cyst should be demonstrable. 

TREATMENT 

"We do not believe this lesion could have caused the patient any real dis¬ 
tress and are inclined to believe that the sjnnptoms were suggested only after 
she was told that she had a tumor within the chest. In the short preoperative 
staj* in the hospital, she was symptomless. 

Although this patient apparently has been cured, we are in doubt as to 
the advisability of operating on this type of lesion unless it shows progressive 
enlargement or causes symptoms. The defect is difficult to repair satisfactorily 
and might be associated mth a high incidence of recurrence. 

SUMMARY 

A case of mediastmal meningocele is presented and the operative findings 
and management are described. The frequent association of this lesion with 
cutaneous neurofibromatosis and high incidence in Avomen is noted. Although 
this is a rare lesion, methods of diagnosing mediastinal meningocele without 
surgical exploration are suggested. It is felt that this is an innocuous tumor 
which is difficult to cure surgically and that sui’gical mterference is not indi¬ 
cated if the patient is asjTnptomatic. 
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THE USE OF POEYTIIEKE PHjM IN POSTERIOR 
THORACOPLASTY WOUNHS 


WiiiiAJi 1). Seybold, j\r.D.,* AND JonN H. GniXDL-\Y, 5I.D.,t Rochester, Minn., 
ICari, ir. Pfuetzi;, Caxxox Falls, JIixn.. and 

0. Tiieron CLAOfrrT, JI.I).,* Rochester, JIinn, 


T hough the modeni (iporntion of llionicoplnstj’ for permanent coIlBpso of 
the iuug iu puInionarA’ tubcrciilosiK results in closure of envities mid chang¬ 
ing tlic flndings in sputum from positive to negative for tubercle bacilli in a 
largo majority of the patients undergoing the multiple-staged opemtiou,* 
efforts to improve the results and to extend the utility of the procedure con¬ 
tinue. These efforts must he based on sound judgment in the choice of eases 
and a complete hnowledge of the causes of technical failure. The failure to 
obtain sufllcicnt collapse for cavitary cIosuit may he due to one or more mechani¬ 
cal factors operating successively or simuitnneonsly; for example, cxces-sive 
rigidit.v of the lung and pleura bec.sus<' of extensive inflammntorj' fibrosis; the 
presence of partial bronchial ohstnietiou with tlie development of a “tension” 
cavity; too rapid regeneration of ribs with fixation of the upper pnrt of the 
chest Avail before the lower supporting ribs can be removed at the next stage; 
adherence of tlie soft tissues of the chest wall to the snlHcapulnr tis.sucs follow- 
ing'rcsection of the upper two, three, or four ribs. To overcome the meehani- 
cal disadvantage presented by e.xcc.ssive rigidity of the lung and pleura various 
packs and inflatable hags have been proposed; for a "tension” caxdty which 
fails to close after thomcoplnsty. cnvcrnoslomy and other measures have been 
tried,’ to prevent immediate regcuerntion of the riljs, which interferes with 
adequate collapse, formalin or Zenker’s solution has been applietl to the rib bed 
by many surgeons. It seemed to us that an agent which would prevent adhesiou 
of the chest wall to the sulrecapular tissues between operative stages, if it were 
well tolerated by the tissues, might have some logical use in thoracoplasty. Such 
a substance is apparentl.v available in polythene (polyethylene, a polAuncr of 
paraffin). Recently thin sheets of this material have licon used beneath the 
scapula after the first stage of thomcoplasty in three patients at the Mineral 
Springs Sanatorium, Cannon Falls, Minn. On the basis of this experience no 
conclusioin; as to the value of the procedure can be drawn, but the desire to 
call attention to the possible usefulness of polythene in this manner led us to 
ainko this preliminarj' report.§ 


Recclred for publication llaroh 2B, 194S. 

•DlvUion of Surffory, Mayo Clinic. 

tDlvIjiion of Experimental Medicine, ilnyo Poundatlon. 
tlllneral SprlnRi Sanatorium, Cannon Falla. 

^ ,.IThc polythene (polyethylene) film used In thU atudv wm O.JXB Inches thick and ra 
•applied throuirti the courte* 3 ' of thp manufacturer, the S^skJnff Corporation. Terre Haute, 
The manufacturer stated that It contained no Impurities. 
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Faii’ly extensive experience witli the use of polythene in animals lias shown, 
that the material is weU tolerated by the tissues and that it undergoes no de¬ 
terioration in the body, even after long periodsd'® The behavior of tissue of 
human beings in contact vrith the material is similar to that observed in animals. 
In none of our three patients -was there gross evidence of acute inflammatory 
reaction to polythene that had been buried two weeks and microscopic prepara¬ 
tions of specimens from two of them substantiated this obsenmtion. In one 
patient the tissue which had been in contact with the po^Thene film for two 
weeks showed no microscopic evidence of inflammatory change, and in the other 
there was moderate infiltration with lymphocytes. In addition, to lymphocytes, 
a few foreign-body giant cells were present. It is felt, however, that these, cells 
were not due to the presence of the polythene film but to suture material or 
some other foreign substance introduced at the time of operation. Other 
studies^ have shomi that poljflhene produces neither inflammatory nor foreign- 
body reaction. 

REPORT OP CASE.S 

A brief aeeoiuit of the obseiwations made in each case follows: 

Case 1.^—man, aged 38 years, wlio had moderately advanced tuberculosis of the right 
upper lobe underwent the first stage of posterior thoracoplastj’ on Nov. 20, 1946. The first 
three ribs and half of the fourth rib were removed subperiosteally tlvrougli a posterolateral 
incision which permitted elevation of the scapula. ' The wound surface was sprinkled with 
sulfanilamide crystals and a sheet of polythene film was fashioned to cover the snbscapular 
surface of the chest wall. At the second stage of the procedure on Dec. 4, 1946, the inci¬ 
sion was reopened. Healing had progressed normally. The polythene sheet had prevented 
the formation of any adhesions between the snbscapular tissues and those of the cliest wall. 
There was a moderate collection of serosanguineons fluid in tliis space, and good collapse 
of the chest wall had been obtained. Slight edema was present in the tissues of the chest 
wall which were in contact with the polythene. Subsequent microscopic examination of n 
section of this tissue revealed mild lymphocytic infiltration and formation of foreign-body 
giant cells. The wound healed by first intention. 

Case 2.—This patient was a man, aged 28 years, who had a lesion of similar extent 
to that encountered in Case 1. On Jan, 8, 1947, a first stage thoracoplasty through a pos¬ 
terolateral incision was performed. Three and one-lialf ribs were removed subperiosteally 
and sulfanilamide and polythene film were .placed in the wound as in the previous case. At 
the second stage procedure two weeks later, healing was found to be progressing unevent¬ 
fully. There were no adhesions beneath the. scapula and a moderate amount of thin serosan- 
guineous fluid was present in tlie snbscapular space. Some edema of the fascia overlying 
the erector spinae muscle bundle was noted. There was no gross evidence of acute inflsni 
matory reaction. Histologic study of a small piece of tissue from this patient failed to dis 
close any inflammatory reaction. A satisfactory collapse was present, and tlie wound healed 
without incident. 

Case S. Tliis patient, a man 34 years old, had a first stage thoracoplasty on Feh. 5, 
1947. The procedure was done in the same manner as it was in the two preceding cases. 
Again both sulfanilamide crystals and polythene film w'cre placed in the w-ound immediately 
before it was closed. The wmmd healed with no more than the usual reaction in the tissues. 
At the second stage procedure on Feb. 19, 1947, there was no gross abnormality of the tissues 
in contact with the polytIiene,i there were no adhesions under tlie scapula, the usual amount 
of thin, serosangnineous fluid was present, and a satisfactory depression of the upper piirt 
of the chest wall had been obtained. Healing following this procedure was uncomplicated- 
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COMMENT 

We slinre the view tiint lins liceii expressed by others’’ ’■ * tlmt noenmnlation 
of fluid beneath the scapula lietweeii operative stages is desirable as a compres¬ 
sive force to implement utmosphcrie pressure and the weight of tlie tissmes in 
accomplishing the desired collapse of the chest wall. The preservation of a 
free space beneath the scajiula imunotes maxiiiiai collapse by pi-eventiug fixation 
of the ehest wall to the scapula and by permitting the accnmulation of a con¬ 
siderable volume of fluid in the .sub.soapnlnr spaec. Polythene .seems to be a 
material which will permit the attaiiiiiieiit of these objectives. As to the reac¬ 
tion observed in the tissues in contact rvitli the material, it is possible that sul¬ 
fanilamide and suture material may have liecn at least partly responsible. 

SUMMARY 

In order to improve the results of modern multiple stage thoracoplasty to 
produce the permanent collapse of the lung in cases of pulmonary tuberculosis, 
a number of technical factors must be taken into aecount. One of these is the 
interference with collapse that results from the fixation of the upper part of the 
chest -vrall to the subacapidar tissues by the formation of inflammatory adhe¬ 
sions after the first stage of the procedure. These adhesioas can be prevented 
by the use of a thin sheet of polythene, an inert and apparently completely 
innocuous material which has been given extensive experimental and a very 
limited clinical trial. In the three cases which we are reporting, pobidhene 
satisfactoril.v setwed our purpose. It prevented subscapular adhesions and it 
did not evoke an objectionable thesue respoase. So many clinical and technical 
consideratioas influence both the clinical and the surgii'al result of thomeoplasty 
for pulmonary tullorculosis that no clear-cut decision is likel.v to be reached 
alxmt the utility of this procedure. But on the basis of tlio logic underlying 
its asc, further trial seems worth while. 
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BRONCHIOGENIC CYST OF THE MEDIASTINUM 

J. Exalto, M.D.,* and K. Waldeck, M.D.f 
The Hague, Holland 

I N RECENT years more has become kuo\vn about the bronchiogenic cysts of 
the mediastinum, but observation and treatment of such cases is rare; Prom 
the publications of Blades and of Adams and Thornton most cases are asympto¬ 
matic and are found through examination b 3 ’- x-ra 3 " of groups of people, as in tlie 
army and na^' 3 ^ 

At the present time the opinion is that tumors and e 3 mts of the mediastmura 
should be removed, even though the3’- cause few or no S3Tnptoms, as there is 
Mways the danger of future complications. Since tliis opinion has become more 
general, there is a marked increase in number of the operations performed 
(Blades). In 1937 reports of 8 cases were published by Alford. In 1940 Hener 
and Andrus quoted 25 cases to which the 3 ’- added one of their own. In 1945 
Laipply brought the number of known cases to 34. Finally in 1946 Blades 
reported upon 23 patients who had been operated upon in different thoracic 
surgery departments of the United States Arm 3 L 

The fii*st surgeon who treated a bronchiogenic cyst wth success in Holland 
was Nyst. The cyst weis found in a woman 20 3 mars old, who had dysphagia for 
several years. The complaints increased, but after removal of the cyst by means 
of an anterior superior longitudinal mediastinotomy, according to Sauerbimch, 
her complaints disappeared. 

In 1946 Eerland perfonned a successful transthoracic operation upon a 
woman 33 5 "eai*s of age. Before the operation the patient had suffered from 
fatigue, pain radiating from the shouldei’s to both aims, and attacks of d 3 'spnea. 
In 1943 we treated a bronchiogenic C 3 mt and the case is reported here. 

CASE REPORT 

On Dec. 31, 1942, n 0-yenr-old girl was admitted to the Juliana Children Hospitnl 
and the case was diagnosed ns bronchopneumonia with cavity in the right lung. She hnd 
had pertussis some ynars prior to this and nftenvnrd repeated attacks of broncliitis. Ten 
days before admission to the hospitnl she was ill with high-temperature, spells of coughing, 
and dyspnea. Two days before admission the condition had gro'U’n much worse in spite of 
chemotherapy. She expectorated a gi'eenish mucopurulent secretion, lost her appetite, and 
became emaciated. There was no tuberculosis in tlte famil}'. 

On examination the child was found to bo short of breath and cyanotic. The ihucoM 
membranes were cyanotic. There was no jaundice and no evidence of anemia. Lymphatic 
glands were palpable in the groins. The turgor of the skin was good. The condition of the 
heart was normal. In the lungs only bronchitic murmurs were audible. The abdomen and 
limbs were normal. The temperature fluctuated between 39 and 40° C. The pulse frequency 
was 140-100, but regular. Upon examination the greenish mucopurulent sputum showed no 
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tubercle bncilli. Urine Vi'nn normnl. The blooil ncilinicntution mte 5o nftcr one hour, 
75 nftcr tvro hours. Red blocnl count on ndmisAion \nw 4,000,000 with liomoRloblti 00 per 
cent; the white blood count 21,400 (fi |X‘r cent stnb ncutroj)hilio, 80 per cent segmented 
noutrophllle, 11 pi‘r cent tunnll lyinphocx-tes, 2 [tor cent monocytes, nnd 1 per cent baiwphilics). 
The thrombocytlc count wns nomml. 

An, x-my picture of the chest »ho\votl n elmdow in the right lowei lol>o, probably of 
pneumonic or pleuritic origin. In the upi»er part of the chwt n sharply outlined density, 
the site of n gooeo egg, proiruiltsl from the meiliantinum to tlic ujtper lobe. Tlio oblique 
x-my view hIiowwI compiwion of the trachea directly nl>o\e the bifurcation. The right 
main bronchus \nts nlso compresKotl, though less than the main bronchus (Fig. 1). On a 
bronchogmm with lipindol there wns no bronehlectnsls in the right lung. 



Flff. 1.—Compression of tho tmehen, (oblique x-ray) <ljrectlr abtwe the bifurcation: compression 
of the rlKht main bronchus. 

On the Imeiii of the i-my einminntion it wn» decided that tlie tumor of the mrfioetinum 
wa* benign .(dermoid r.yrt). Tlirougli tho comproesion of the trachea nnd tlie riglit main 
bronchus, tho tumor caused repented nttneks of retention in tlie right lung rritli symptoms of 
pneumonia. Surgery ^nu! indicate<l. 

Opera/io?v.—Opemtion wtxs i^rformcd on Jan. 8, 1043 (J. E,). Nitrous oxide oxj'gcn- 
cther anesthesia wus udmlnUteroil after prcmcdlention with atropine (Vi mg.) and tectvdon. 
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THK MALIGNANT NATURE OF HRONCHIAL .VDENOJIA 


ALriiRi) Gou>m.in, M.n. 

BtaTJIRY Illl.I.S, 


W ESSLER nnd Rnliin,' in 1932. n'porlcd the seimration of t)ioneliial 
ndenonin front broncliiogenic enreinomn, nnd they ])ointcd out that some of 
these tutnors Itcenmc tnnlifninnt. By 1941 tre' liiid it'iioilcd eighteen cases of 
hronchial ndenonin nnd stated llmt these luinoi's e.sliihitcd grotrth iwteiitinls 
midway hetween distantly nictn.slasizing carcinomatous nnd purely local poly¬ 
poid broncliinl tumors. In tlic.se publications clinical nnd pathologic manifes¬ 
tations were discus-sed .’’' Trentiuent was concluded to include brouchoscopic 
removal in certain instances but sooner or Inter beenuso of the growth of the 
cxtrabronchial portion or suppuration in the di.stal lung, pulmonary resection 
tvas indicated. Subsc(|ucntly a personal cx|)ericnce with approximately fifteen 
additional cases ha.s eonflmicd the pivviously rcjiortcd findings. Ilowever, 
during the past few years the publications by M'omack nnd Graham,” Anderson,* 
Chamberlain,' nnd Cmfoord’ have semed to emphnsiro tbe potential malignant 
qualities inherent in these tumors. In 1947 I' published follow-up rc.sults of 
operated cases.* SLx of these ten patients had survived more than five yeais since 
operation without appearance of any distant metastases or spread. By now, 
two additional patients of this group have jinssed the five-year mark, gi'dng 
80 per cent so-called five-year ctircs. 

It u-ns always stated that this subject although'greatly clarified is still 
somewhat oliscurc, because some varieties of bronchial adenoma may be more 
malignant than others (Brunn'*). Tlic recent report of the Army Institute of 
Pathology” has shed some light on tho question of varieties of bronchial ade¬ 
nomas. A histologic di\’ision into predominantly carcinoid and mixed tumor 
type has been described, and the mixed tumor tyqre is probably more apt to 
e.xhibit greater degrees of malignancy. 


. Prom tho Thoracio Surclcal Scn’IcM ot the CeCnr* of Lebanon Ho^iltal, Ix>i Ancele*. 
and-tho Blrmlnioham Vetorana HoopltxU, Vnn Nuya. , 

„ Read at tho Twonty-olshth Annual Mootlnij ot Tlio American Aauoclatlon for Thoracic 
aurgtry. Quebec, Canada, May SI, Jime 1, 2. 12SS, 

„ PublUhod with tho pcrmlMlon ot tho Chlot or, I^l^Wcnt ot 

Burrery Veterans Admlnietratlon, who nMUmeo no reeponribUlty for the opmionj raepreaaen 

or conciiMlona drawn by the authora. 
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During the past two years observations have been made upon an additional 
unreported group of patients which tend to indicate that a high degree of 
malignancy may be exhibited by bronchial adenoma, especially of the mixed 
tumor tjTie, until at post-mortem bronchiogenic carcinoma bather than mixed 
tumor type of bronchial adenoma is diagnosed. Womack and Graham'^ had 
indicated that such a malignant transformation from so-called benign bronchial 
adenoma could occur. This first case to be reported is the only one of approxi¬ 
mately forty eases where such a high degree of malignancy did occur and is 
one of two cases observed, both of the mixed tumor type and both of which ended 
in death. In each, endoscopic and radiation treatment vdthout pulmonary re¬ 
section resulted in recurrence of the tumor located at the bifurcation of the 
trachea. 































Pie. 1 (Case 1).—Bronchoscbpic biopsy April 14. 1942, E. S. Note the mixed tumor pattern 
from the tumor of the lower end of tlie trachea. (IMIcrophotograph XS5.) 

Case 1.—E. S. (DA-22-48), a white man, aged 5S years at the time of death, 
entered the Cedars of Lebanon Hospital April 14, 1942, with complaints of asthma, clironic 
bronchitis, and hemoptysis. Bronchoscopy was done on this date and a biopsy was taken from 
a nickel-sized polypoid tumor at the lower end of the left wall of the trachea whicli ooclnd 
the tracliea to approximately one-fifth of normal. Tlic bronchoscopic biopsy was reported ns 
broncliinl adenoma. Eig. 1 shows this biopsy, and the fact that it conforms to the nii.toi 
tumor type of bronchial adenoma was confirmed. Dining the next year several bronclm 
scopic examinations were made with cauterization; radon and x-ray therapy were admims er 
Subsequent bronchoscopic examinations up to January, 1944, disclosed only little tumor 
remaining. Dyspnea became progressively worse in 3945 and 194G, rcquinng se 
emergency bronchoscopies at which time verj'- little tumor tissue was noted but the left stem 
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broni'lius norrowj^l Jo 50 p4'r rt'nl nf noinml iw well as (lip tmrliPti. and parulout secre¬ 
tions Tvem nspiniteil. In 1017 the tunuip iim‘«s wan more prominent and envitorlmtion was 
nfjuln rcsortPfl to. However, altnck-s of tiu«dH‘nl flufroralion nntl severe dyspnen, eontinuwl. 
■With tlio idea of jforCorminp a left ]>neuiiiono<‘tonjy nntl local restM-lion of the tumor, ex¬ 
ploratory tliomcotomy was performed «mi Kov. 21, 10t7. Hhnrtly after the left pleural 
cavity uns entered, (ho anestltctist nnnonneevl tliat he was inmhle to nernto tho patient’s 
longs through the intratracheal IuIh'. 1'he lower end of the traelien was rapidly exposed 
nnd nn incision was made In tlic anterior wall of tho laat eontlmotor of the trachea. Tlirough 
this n Xo. 20 Frencli eathotcr was pusvivi mto tho right stem broneliua and oxygen was 
administered followevl liy improvement in the patient's condition. From the center of thU 
transverse tracheotomy another incisimi wjh made inferiorly for 3 cm. into the left stem 
bronchus. Tho edges of this incision were a|»proxiiimtetl to the proximal edge of tho trans- 
verso tmclieotomy and tlio nnosthotist announ. v'il th.at l»etter aeration was established. Tho 
cntlictcr was then removed and adetpmte oxygi-nation was carried on as the result of tho 
"Tee” plastic procetlure pcrformctl. A*lditi»iial findings were pleural Implants from 1 to 
6 nim. in diameter, Infiltration of csopliagvis and tmclica, and suppuration of tho left lower 
Jobe. TJio po3toj>erative eoiirso was fairly ncillicr tnicJicopJeuml fistula nor empyema 

dOTclopcd. He was dlschargi^l on the fourl«vMfh pusioiH^iatlvo day but rctumcnl with acute 
tmdical obstruction six weeks later, nod was r.-licvc.l by bronchoscopic aspiration only to 
succumb to auotlicr attack after fhreo weekn. 
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Joubt tlmt a mbtcJ tumor trpo of brunclilnl o<1onoiuu liiul bwonio. In npproiimotoly «bt 
years of trcntniont and obsen-ntioii, n liijrlily nmlltpiuut earrinomn. Xor is thoro niurh doubt 
that if this neoploem ircro soon only nt post-mortem (without the 104d biopsy, Fig. 1) it 
would hnvo boon diagnosed ns nn undllToroiitintcd cnrcinonin of bronohiogonic origin. 

The slgnifieniicc of thw ense iitn.v he ihnt certnin hronehiogenie enremomus, 
pnrticulnrly those of long dufntion'- hiul their origin in u lironeliinl ndenomn. 
It is urged tlmt nil bronchinl ndeiionms continue to he oliserved for mnlignnnt 
transformation. 

The follotving eases illustrate less seo'ere degrees of mnlignnnc.v, especially 
Invnsivcnetts and local inctnstnsca. 



Fie. 6 (Com I).—Surslcal •poclmen, rielil lower, richt nildiUo lobos. K. F. Note tho largo slio 
of Uie tumor In splto of the short hUtory. 


OiBE 2.—K. F. (8-302-48), n whito woman ngod 30 years, was ndniltted to tho Cedars 
of Lebanon Ilospltal, Jnn. 23, 1D4S, referred by Doctor J. II. Krerett. Onset of symptoms 
was Dec. 1, ]947, with persistent cough, wentoiess. and pain In the right chest. X-my illms 
of the chest showed n tumor ranos in the right lower lobo. Bronchoseopic exondnation wns 
performed Jimunry 20, 1048, with findings of n bronclilnl ndenomn obstructing the bifurcation 
of tho right stem bronchus nt tho tnte-oir of Uio right middle lolie. Eight middle and lower 
lobectomy wns performed on Jnn. 20, 1048. Tho tumor wns 7 cm. in its greater diameter 
(Pig. C), invaded through brouchiol walls about tho Inferior pulmonary vein, and involved n 
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neighboring lymph node by contiguous spread (Fig. 0). Very little distal bronchiectasis was 
present. Microscopic examination showed the characteristic “ Swiss cheese ” (Fig. 7) pattern 
of the mixed tumor type of bronchial adenoma. The patient was discharged on the 'tenth 
postoperative day and has remained sjuiiptom-frec these past five months. 

The microscopic appearance with the invasiveuess and large size together 
with the short duration of symptoms (two months) all indicate a more rapidly 
growing tumor than is usually expected with the careiiroid tjTie of bronchial 



Pig. 6 (Case 2).—Surgical specimen, K. P. Note the Invasion through the bronchial w^l 
of adenoma of the mixed type and the Invasion of neighboring lymph node by contiguity. 
(Mlcropbotograph, XG.) 
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ndcnomii. No nii'n.s of omlif'iiiml trmisroroiiitioii siwli n.s seen in Cn«o 1 were 
present, Imt one wonders it lliis tninor were ulloweel lo reninin wliellicr more 
ninlijtnnnt fentnres would Inive de\rlo|)ed. Also (lie fiUnre mifilit well sliow 
timt it wonld Imvo licen beder (o Imve |iei'formed totid iineiimonectomy instead 
of rifdit lower and middle lobeiMoinv. Tt is urgeel tbnt patients ti-eated with 
only lolicctomy bo cnrefnlly followed for recnrrcnco and motastases, espoeially 
if they aro mieroaeopically of the mixed tumor type. 

The next two case.s are bronchial adenomas of the eareinoid type of ex¬ 
tremely long dnmiion and ocenrring together with neoplasms arising inde¬ 
pendently in other organs of the body. In both these patients loeal invasion 
but not distant metnstases occurred. 

Care 3.—1<. n. (S>1430-47), n man. Birniinglmui Veteran’s Hospitnl 

on iforrh ]0, 1947, eoniplninJnj; of weakness, fattj^c. ond roiigli pro<1uctivo of nmcopnmlent 
spnlnm. ITo Imd a history of frc«jut*nt rr*hpiinr«)ry inft'ftions froiri 1017 to the time of 
admission. Thoro mis n hemoptysis In 1022 nn<1 '•ineo tbnt time there had been intennittont 
subscfincnt pulmonary liemorrlmRcs, often hi.Hiiu -4 seteml days and of a pint or more. He 
was hospitallred on many ofcnslons lH;in<s'n 1!‘22 and 1047 and ;^roo the \nrions diagnoses 
of pneumonia, lung nlisecss, and onipyenin. H«* Imd tho diagnosis of pncnmonla on four 
different oeensiems. In July, 3033, a right phrenlct'ciomy wos perforrood and two months 
later a right thomcotomy was done to drain an euipy«'in:i. Following this, tho patient's 
symptoms were markedly improved but a ehrenir tlminiug rhest wall sinos continued to drain 
for tho next fourteen years. Communication aiih the broncldal tree was cstnblishod and 
chronic long abscess with broncliooutaneous fl<*tuJa was dlngnoflod. 

Chronic lyraplmtic loueomla ^^'nH dingnorc^l in 1043 at tho 8nn Diego Xaval UospitaL 
"Whito blood eonnts ns high ns tCO,000 per coble niiUliuefer were reported. Fatigno and 
lassitado were tho main symptoms on entry, 

P(Ut Kiitory .—Thoro hod boon no serious diseases. 

Pamily Hw/orj'.*—There irn.s no history of tumor or mnrer in tho family but the 
patient's mothcr'lind died in middle ago of what pcKsibly was pulmomiry tuborenlosis. 

Examination .—Physical cxaininafion revealed a thin, pale, cJironically ill appearing 
OO-year-old white man. Tlicro was an old henlcil 10 cm. thorneotomy scar in the right 
posterior axillary lino. A small “pencil-point” draining sinus was present in tho seventh 
Interspace:. Tlicro were fine moist r&les In tho right apex and doUncss over tho entire right 
lower and middle lobes. A permanent right dinphragiuntlc paralysis was present. 

Lahoratory Ftn^ingg. —X-ray riews of tho cliost fJiowed elevation of tho right diaphragm, 
regonerated clglitli rib, deviation of tho trachea to tho right, end probable shrinkage of the 
right lower and middle lol^es. Subsequent x-ray films and planigrams demonstrated a large 
mass in the paramediastinal area of tho right lower part of tho chcal. Examination of the 
hlood revealed normal red count and hemoglobin, whito blood count 00,300, 71 per cent 
lympbccj-fcs, 27 polymorphonuclear leucocytes, and 2 monocytes. Bono marrow puncture 
of tlie Btcnmm, ilarrii 27, 1047, showed lymphatic hj-perploaia of the bono marrow cliarnc- 
toristlo of subacute lymphatic Icucemia ond many pro-lymphocytes wore present. 

Bronchoscopy was done on the pitient for tho first time March 10, 1047, which revealed 
ft hosielatod mass In tho right main stem bronchus 1 cm, Ijelow tlio enrinn, completely occlud¬ 
ing, and covered with a grayisli removable axudate. First biopsiefl showed only necrotic 
tissue. One week later lironcJiial ndenonin with oxtensivo necrosis was diagnosed from the 
i'iopiy. Bronchial sincars made at this bronchoscopy wore positive for tubordo bacUli. 

Byuria and hematuria developed In April and cystoscoplcnlly a transitional coll card* 
■noma of tlie bladder was fulgurotixl and rcmoveil. Repent bronelioocopy July 22 showed no 
’^""^tlal change. More tumor was removed for study. On Sept. 12, 1W7, a transurethral 
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resection of tlie prostate was performed for obstructive uropatby. Microscopic examination 
of the prostatic tissue was benign prostatic hyperplasia. An acute tuberculous pneumonitis 
appeared in the previously clear right upper lobe at this time. 

The bladder carcinoma was now under control and the patient was prepared for a right 
pneumonectomy with the aid of streptomycin. On’Oct. 15, 1947, a right pneumonectomy 
was performed. Surgical specimen showed a large tumor, not only in the right stem 
bronchus, but also invading toward the mediastinum. There were several enlarged 
lymph nodes in the mediastinum from 1 to 3 cm. in size. One of these showed a fairly acute 
tuberculous process. The postoperative course was relatively uneventful. One montli follow¬ 
ing the pneumonectomy a partial thoracoplasty was performed to protect against over- 
expansion of the left lung. Recovery following this operation was uneventful. 





kf Vi, 
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■ Fig. 8 (Case 3)—Surgical specimen. L. B. Note the Langhans’ giant cells Md me 
adjacent Invading bronchial adenoma. Bronchial adenoma Invading tuberculous lymph noua 
(Microphotograph, X200.) 


The measurements of the tumor were 3.75 by C.25 cm. Large blood vessels were com 
pressed by tlie tumor. Several acute tulmrculous nodules were seen close to the pleura on 
cut section of the lung. In one area the tumor invaded by contiguity a tuberculous lymph 
node (Fig. 8). Microscopic sections of the tumor showed the pattern to be consistent with 
carcinoid type of adenoma. Another lymph node showed a clump of tumor cells attached 
to the capsule, and a third lymph node showed small masses of tumor cells in tlie capsule and 
invading the parenchyma of the lymph node. A diagnosis was bronchial adenoma with 
metastases to surrounding lymph nodes and fibrocaseous tuberculosis, with acute dissemination. 

Five months after the thoracoplasty a series of 20 negative sputum smears and cultures 
had been obtained, and 110 days of streptomycin treatment had been completed. The patient 
was discharged home with maximum hospital benefits. At the time of discharge tlie white 
blood count was 73,000 but it had dropped as low as 15,000. Cystoscopies showed no further 
evidence ef the carcinoma of the bladder. 
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This «nse illustrates the innlipnant imturc of the cni'oiuoicl typo of hvonchinl 
ndononm thnt is nssocinted with pulnionnrA- suppuration tor approximately 
thirty years. Only local invasion of mediastinum Ij-mph nodes has occurred. 
The interesting features of concomitant pisscncc of chronic lymphatic loncemin, 
transitional carcinoma of the bladder, and pulmonaty tuberculosis are dilBcult 
to tic up in any clinical pattern. These findings together with a bronchial 
adenoma suggest thnt the origin of n bronchial adenoma may occur from the 
same stimuli thnt produce tumors in general in the bo<ly. It is of still greater 
interest that nil of the three neoplastic disturbances in this one patient were 
relatively licnign, in spite of the microscopic malignancy. It would appear 
tliat the carcinoid form of broncliinl adenoma takes on n much more benign 
course clinically than the more malignant mixed tumor form of bronchial 
adenoma. 

C-.\nn 4. —Ij, S. (DA-1'48), a vrhJte woman hi of npe at tlio time of death, was 

admitted to the Cedars of Lclmnon llosplto) hrs’. Ha, Ih-t". Thirty years Ijoforc entrj’ she 
had hod a right empypnia which wuf drained nnd over siofc llmt time liiid n persistent drain¬ 
ing simia of tlic clicst wall. Bronclio^copIcH had lieon |M.*rforinod as long ago os twenty yearn 
and a lesion In the right stem brooidius had Ikn-u deiMTil»e«i. Approximately ten years Ixjforc, 
a poslth'o biopsy for n lironddnl ndenonm wiuh obtained, (icncml condilion tbougli not 
good ftllowod her to cany- on a fnlrly norninl cxistem’c until IP Id when she began to develop 
symptoms of an intracnuilnl lesion. A pituhury nJoDomn was later diagnosed, and when 
she entered on tliis admission, slio sutTcrod from ^evcre b<.*ndaclic.', faintness, Wsual blurring, 
staggering nnd instoblllty of equilibrium, as well ns dy'*piiea, orfhopnoa, and palpitation. 
On physical cmmlnatlon she was found to have conrse f*kin, largo tonguo, hypertrichosis, 
nhsenco of bmith sounds in the right l>a'*c, with rhlos on couch. Blood pressure shon-od a 
mild hypertension. X-ray tlicmpy liad been given ono yimr hi-foro to tho pitnltniy, and on 
entry x-ray examination of the skull showed erosion and enlargement of the sella turcica. 
Following entry, her condition rcnmlnctl poor nnd heenruo critical ono week after entry, she 
died Jnn. 0, 1948. 

The post-mortem examination showed - cm. from tlic main stem bronchus on'the right 
a largo adenoma which lucnsured approximately Z enu in its greatest diameter. TJiere were 
two largo cystic cavities distal to tiic obstruction mused by the adenoma. Those were ap* 
proxdmately 4 cm. in diameter. The iwonrhlnl adenoma in\-aded tlirougli tho wall of the 
right stem brondius and the cxtmbrcrachinl portion measured 7 enu in greatest diameter. 
Tho fistulous tract communicated with the bronchi nnd tho sWn of tiio thoracoplasty scar. 
There were several enlarged mediastinal lymph nodes, Thcro were bilateral adenomas of the 
adrenal glands, cor pulmonale, mixed adenomas of tho pituitary gland with proliferation of 
all three cell tyiies, early malignant transformation, nnd persistent largo pineal gland, ilicro- 
scopically, tho tumor .>va8 of the carcinoid t^TW) nnd somo granules In tho cytoplasm could 
he domonstmted ^vith argentaffin staining.. In\-nsion of tho mediastinal lympli nodes and 
the adventitia of tho pulmonary artery wore dcmonstnitcd, nnd in nnotlier section o dumb¬ 
bell mushrooming of tho ndononm Into n largo pulmonary vein wns noted (Fig. 0). 

This case demonstrates vascular invasion, as -well as mediastinal lymph 
node invasion, in a carcinoid typo bronchial ndcnomn of over thirty years’ 
proved duration. The concomitant adenomas of the adrenals and pituitary 
gland suggest again tlmt whatever stimulus produced the bronchial adenoma 
stimulated other organs to produce adenomatous growths in them. Again, the 
low-grade invasion of tho carcinoid type of bronchial adenoma is demonstrated, 
fn spite of definite evidence of invasion into tlic lumen of a large pulmonary 
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Fig. 9 (Case 4).—Post-mortem specimen, L. S. Note the mushrooming of the bronchial 
adenoma through tlie vein Trail. In spite of tumor floating In the lumen of the vein no vas¬ 
cular seeding of bronchial adenoma could bo found. (Jllcrophotograph X6,) 



Fig. 10 (Case 6).—Surgical specimen left lower lobe. A. IC. Note the metastatic nodule In tlic 

lymph node close to the large adenoma. 
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vein, no jncfastntio viiseiilnr seedins: wns demonstrated. TliLs suggests thnt the 
environment favoring giowtli of t)ronehinI ndenomns of tills t>7)c is found in 
the hrondiiw mid not elsewhere in the body. The rektivcly sinnll growth found 
in the nictnstntic lymph nodes nlso fnvors this point of view. Adenoma wliich 
invades l.^^nph nodes has not l>oen ohservwl to reach tlie proportions commonly 
found witli broncinogonie eareimmin when it invades Ijnnpli nodes. 

C.xsR 5.— A. K. No. n «Iii<o nuiu, oged 2o yettrs, first entered tJie 

Blrralnglmm Vetemn's Hospital Aug. 2.‘t, ID 10. Onm*! of syniptoma wns two months before; 
witli a pneumonia. Hroncliofcopy was ftn<t porforuicd Octoljer 3 witli tho findings of a poly¬ 
poid tumor ntfnclicd to the metlini unit of the left lower IoI)o bronclius nnJ broucLiwtosfs. 
BronrljoscopJe Jdop-^* was brojicld.al adenoma, eareiuoid typo. X-my filnJs confirmed tJio pres¬ 
ence of n tumor iuoms. I./Ol)ectnmy of the loft lower biU* was jtorformod Oi',t. 2D, 1D40. Tho 
ipcclmen roinovc<l r»>Toaled a lurgo ulcentteJ adenonm of llio bronchus nttnclictl nt the bare 
of tho markedly dlIato<l left sten\ broiiehu'* ••oiuplelely obstructing if. There wns nuirkcd 
invasion of tho ndctioum through the brouehinl unU ini<» flic ndjuec'nt lujig pnroncliymii nnd 
what appeared to l»o a nn^ent incr<.*a‘M‘tl rate «*f growth n.-'^ocintoil >ritli this exiensioa through 
tho bronclilnl wall. Two small recent lut•la^tn^«••* to |n‘ribronchinl IsTtiph nwles wore demon¬ 
strated (Fig. 10). Micrusoopii-nlly, the timior i-h of the currinohl tyiH.* nnd it is noteworthy 
tlint at tho base of tbo tumor when* If unn ntt:i«-hetl to tho bronchial wtill there wore a largo 
number of stellate t\*po of colls. The tumor that nppcareil beyond the bronchial wall wns 
somewhat different although the general pattern won rcinin''d. There cells were larger, tho 
cytoplasm more i»nlc-8fainlng, nnd the uurlei varied distinctly in siie. some of them being 
fairly large nnd hyporclirmnatlc. ^fu<•i^•a^lliln• j'lninH rv'venled no mucous production by the 
cells. X-ray pictures were later made of all of the iKim-s of the body nnd no metastatic 
lesions >rero seen. KlcctrocncepUalogmm sugg«*<fe»l seine nlmorinality of tho cerebrni cortex 
bat nothing clinical couM substantiate the'.e findiug>. One j-ear after operation tho patient 
^^LS heard from by mail and was apparently well 

ThU represcntwl apparently a carcinoid broo<-hml adenoma with fairly early melastnses 
to regional l}TiipU no<los and a sliort dumtion of syuiptoniH. I,s>boctomy Avas done nltliough 
metastatic tumor ov’currod in tho mcdiastmal lymph nwles of the hilum of the loft lower lol>o. 
Tho follow-up on this patient will l>e wntclasl with keen interest. 

RUMJIAHY ANU Ulsri'K.^10N 

Five patients showing maligiuml <|unlilivs in bi'onchinl adenomas arc re¬ 
ported. The most malignant clinngos to occur wore found in the mixed tumor 
tj’pc of bronchial ndcnomn.s. The complete timiaformation to a clinical and 
liistologic picture of broncliiogcnic carcinoma has Iteeu observed and is reported 
lierein. It is su^csted that cai'cinomn of bro/iehiogenic origin may at times 
arise in a mLxed tumor tj'pc of broncitial ndenonin. Carcinoid types of broncliinl 
adenoma not infrequently show metn.stntic involvement of tlie mediastinal lympli 
nodes. Obsciwations arc presented whicli indicate tliat this may occur wlicn 
the tumors have been present for as long as thirty years or wlicn the dumtion 
of symiptoms is only a few months. The finding of bi'onchial adenoma in con¬ 
junction with multiple tumoi'S of low-gindc nmlignnncy in other organs suggests 
that tile stimulus for tho jiroduction of bronchial adenoma is the same as tliat 
capable of producing neoplasms in other organs tlinn tlie lung. The failure of 
bronchial adenoma to produce vascular seedings even though tho tumor cells 
wore demonstrated floating in the Inraen of a largo pulmonary' vein suggests 
that the only favorable soil for hi'oncliinl adenoma is in tbo bronchi and lung. 
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The treatment of bronchial adenomas by lobectomy and pneumonectomy has 
given approximately 100 per cent five-year cures where this period of time has 
elapsed since operation. From the observations on tumdi’s of over tliirty years’ 
duration it would appear that several decades null be necessary to observe pa¬ 
tients treated by lobectomy and pneumonectomj'- before the recurrence rate can 
be definitely established. The malignant nature of bronchial adenoma is not so. 
malignant nor is its benign course so benign. 
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jUDENOJtA OP THE BRONCHUS 

Coleman B. Rabin, jM.D. (bv invitation), and Habold Nedhop, M.D. 

New York, N. Y. 

T JH; first rciiort from iJic jilount Siuni Hospitnl of tlic fcntnrcs of a group 
of cases of bronchial adenonin was made by ^Ycs3ler and Babin in 1932. 
At first there appeared to be general acceptance of the views which were ex¬ 
pressed concerning pathologj" and treatment. In the original paper involve¬ 
ment of the tissues beyond the bronehial wall was described in two cases. 
Jlnligiiancy of bronchial adenoma has been einpba.sised to such an extent in 
recent yeai's that the prevailing opinion at the present time appears to bo, 
first, that the tumor cannot be removed eomidetoly bronchoscopically and, sec¬ 
ond, that surgical eradication should comprise the sole treatment as in the case 
of cancer of the lung. YUicreas some regard the lesion to be actually malig¬ 
nant, others believe that radical treatment alone is permissible bccanse of po¬ 
tential malignancy. 

Before general consideration of the subject, the mierosco])ic fcntnrcs of 
lironehial adenoma should bo described. The tumor consists of small cells 
with regular round or oval nuclei and rare, if any, certain mitoses. Nucleoli 
are ineonspicuous. The cells are cither euboidal, eylindricnl, or polyherlral 
and the cytoplasm is usually scanty and mn.v bo entii cly clear. The cells are 
generally arranged in groups, .seiiarated by a fine stroma, but in ])lnees this 
may lie thick and hyalinircd. In thc.so locations, the nuclei arc often elongated 
and may be irregular nad pyknotic, suggesting eareinomn. The same ir¬ 
regular and pyknotic appearnneo may occur at the periphery of the biopsy 
specimen, where the tissue has been ernshed by broneho.scopic forceps and 
may also cause an error in diagnosis it the regularity of tlio nuclei in the cen¬ 
ter of the specimen is not appreciated. True gland formations are rare. How¬ 
ever, the ooeurrence of glandlike formations is not uncommon. 

The only two tj-pes of carcinoma that may he .simulated are ndenocar-' 
cinoma and small round or oat cell carcinoma. Adenocarcinoma of the 
bronchus is composed of largo cells in contrast to those of bronchial adenoma. 
The real difficulty lies in the difTerentiation from small cell carcinoma. The 
presence of many mitases, which is characteristic of small round or oat ceU 
carcinoma, will decide the diagnosis in mo.st instances. The difficulty iu dif¬ 
ferentiation from the occasional case of small cell carcinoma with regular nu¬ 
clei and with rare or alisent mitoses can usually be resolved by a study of the 
arrangement of the cells and their rolntionslii]) to the stroma. If the cells are 
arranged in gland formations, the diagnosis of smalt cell eareinomn may bo 
excluded. Furthermore, the cells in small cell carcinoma are distributed in 

_ Uona at tho Ttvontj’-olghtli AnnunI MeeUna at The Amrrlcan Aaaoclatlon for Thoracic 
ourgery, Qaoboc, Canada, May il. June 1, 3, 1948. 
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irregular masses uatliout definite arrangement in relationsMp to tlie sti’oma. 
Tlie mosaic-like alveolar pattern, Aidtli groups of cells separated by a fine 
stroma, is not seen in small cell carcinoma. In tlie absence of glandlike forma¬ 
tions or of a solid alveolar pattern, tbe arrangement of the cells iu the form 
of double rows or palisades separated by linear fine sti’oma udll also serve to 
differentiate adenoma from small cell carcinoma. Infiltration or the appear¬ 
ance of infiltration of the stroma has, in the past, led to confusion ivith car¬ 
cinoma, but this finding should be disregarded. 

Oftentimes there is the possibility of grave error in diagnosis when tiny 
bronehoscopic specimens are studied microscopically. Sections revealing only 
squamous or columnar epithelium or granulation tissue containing a few small 
cells can be misleading. "When these are obtained fi’om the region of a 
polyiDoid tumor wliich has been seen bronchoseopically, additional specimens 
should be removed before venturing a diagnosis either of squamous cell tumor 
or of granuloma. In cases of adenoma, satisfactory specimens should he avail¬ 
able from which the correct diagnosis can be made. According to our ex¬ 
perience, errors in the diagnosis of bronchial adenoma are very rarely made 
if the microscopic features which have been outlined are given consideration 
and the precautions concerning specimens are borne in mind. 

In accordance with the foregoing description, uniformity of the cells and 
the rarity or absence of mitotic figures proclaim the benign natui’e of the 
neoplasm in so far as microscopic features are concerned. There was a period 
in which pathologists confused adenoma v\uth malignant growths, but this 
phase has passed and it is safe to say that at the present time most pathologists 
agree on the distinctive microscopic features of the neoplasm to Avhich the 
name “adenoma” is generally attached. Now, hoAvever, there are those who 
regard “adenoma” to be a misnomer on the basis of microscopic features, 
said to be those of mixed tumors or of carcinoma. 

Against this background Ave AAush to present an . analysis of a series 
numbering more than 64 cases, because the continued study and follow-up for 
many years permit conclusions draAni from long obserAmtion and experience. 
Before doing so, hoAvever, a sui’vey of the literature on the subject is in order. 
A complete analysis made in collaboration AAuth Dr. Oscar Fiaedman Avfil he 
set forth in another publication; only some features germane to our present 
purpose AAull be mentioned here. Excluding cylindromas, at least 368 
certified cases of bronchial adenoma A\’’ere found in the literature. By 
fied” Ave mean cases Aidth specimens removed by bronchoscopy, by operatioit 
or encountered at autopsy. Statements which lack such eA’idence are omitte 
for obAUOus reasons. Of the 368 cases, 100 consisted of operative remova 
AAdtli repol’ted specimens, 23 Avere autopsies, and the remainder, bronehoscopic 
material. Significant features in relationship to the question of maligning®! 
can be gleaned only from the operatiAm and autopsied cases. They can c 
summarized as folloAvs: 

1. There Avere 43 lobectomies without a single instance of involved nodes 
Pneumonectomy^ wms performed in 60 cases, of Avhich 13 had invoB'ed node - 
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Of Iho 23 nutopsicd enscH lyiinih noJo inyolvenieiit oxistod in 0. Tiiere were 
3 instnnccs of remote nielnstnso.s: n nodiilo in (lie opposite lung, one in tlie 
liver, nnd a microseopie nietaslnsls in the hone morrow ndtliont lymph node 
involvement. In any event, there i.s no repoi'lc<l en.se i)re.senting tlie nsnal 
features of nmligimnt cxten.sion. 

2. It i.s impo.ssiljlc to n.secrtnin the proportion of eases in wliich extension 
beyond the bronchial wall e.xisted, ami therefore in which complete eradication 
cndoscopicall}- might liavc been feasible. Extension beyond tbc broncbial wall 
is .slight in moat of the reported eases. There is no ulceration, necrosis, or 
diffuse invasion of adjacent tis.sue when so-called malignant transformation 
takes place. 

3. Involvement of Ijanph nodes, whieh in tbc repoitcd cases is limited, is 
usrially by direct (rstension from the primary tumor, the involved nodes being 
immediately adjacent to the tumor. 

4. “Jlalignant tran.sfonnation” is iharacterizcd solely by immcdintelj' 
adjacent involved nodes or remote, usu.dly minute, metastascs which have 
been already mentioned as extremely rare ocenrrenecs. In cither case there 
are repeated micro.scopically the feature.s of the pi imary tumor, nniformity of 
eclls nnd, with rare c.xceptions, absence of mitose.s. 

0. The moan period of the duration of symptoms in cases with Ijinph node 
involvement was from twelve to fifteen yoai's, indicating that the metastascs 
wore either of long duration or occurred very late in the disease, in contrast 
■with the usual course of malignant tumors. 

G. Whereas the average age of oirsct of .synit)tonis in bronchial adenoma 
was 28 years in 100 reported cases, the mean age of onset of patients with 
metastases rvas decidedly less (about 20 years). Thus, the literature portrays 
a most peculiar and benign form of mnlignnney, encountered in less than 10 
per cent of the cases. 

It can be stated at once that an nnaljT>is of our G4 cases jdelds results 
wliich arc not significantly at varinTicc from those nm have culled from the 
literature. IIoAVcvcr, our loug follow-up study offers a rounded iiicture of 
the life history of bronchial adenoma which cannot bo obtained from the 
literature. Furthcnnorc, case reports often aro lacking also in the details 
of clinical features which arc related so closely to the life historj’’ of bronchial 
adenoma, and some attempt will bo made here to repair this ommission. 

Turning briefly to a restudy of the sections of the G4 cases we may say 
that bronchial adenoma is established ns a distinctive pathologic entity. 
True gland fonnntiou being absent in most instances, the term “adenoma” is 
inaccurate to this extent, as also in thjToid adenoma for example. All the 
characteristics of mixed tumors are not seen. Calcification nnd ossification ns 
noted in adenomas elsewhere arc unusual. Islands of cartilage or bone almost 
always represent remnants of cartilaginous rings which may bo ossified. 
Cylindromas comprise a separate entity nnd should not be included rvith 
lironchial adenoma. 
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The microscopic features and maeroseopically circumscribed limits of 
bronchial adenoma were maintained in the 5 instances of metastases m our 
series. Of these 5 eases the metastasis was confined in 2 cases to a solitary 
unusually large node immediately adjacent to the smaller priraaiy tumor. 
The age of one of these patients was 14 years, of the other, 64 yeai-s. The 
roentgen evidence in the former points to the presence of the metastatic 
node essentially unchanged for a period of more than five years. Thus, as in 
the literature, the term “malignant transformation” applied to bronchial 
adenoma is one of common usage but is not justified by the evidence. Instead, 
each case of lymph node invasion can be properly referred to as a case of 
bronchial adenoma with regional lymph node involvement. Even in the 
presence of metastases the term bronchial adenoma should be retained, in our 
opinion. 

A summary of the clinical course in our cases reflects the essentially 
benign nature of. bronchial adenoma. Unless complicated by infection the 
course is not progressive as in malignant tumors. This is in keeping Avith 
slight groAvth over periods of many years. The course also remains essentially 
unaltered in the presence of so-called malignant transfoimation as signalized 
by involvement of adjacent lymph nodes. 

A study of our case histories reveals a variety of presenting clinical pic¬ 
tures. There may be mentioned in passing cases in which the first symptoms 
and physical signs are those of recurrent pneumonia, bronchiectasis' pul- 
monaiy abscess, or stenosis of the middle lobe. However, we ■wish to empha¬ 
size here a syndrome which can be properly termed an “adenoma syndrome” 
because it was present in at least 32 of 62 completely documented cases. It 
consists of a history of recurrent clean hemoptysis (fresh blood not admixed 
with purulent secretion) and evidence of bronchostenosis (b}^ sjmptoms, 
physical signs, and roentgenogram), occurring in a young indi-sddual. In an 
older indi'vidual the sjmdrome is distinctive of adenoma when of long dura¬ 
tion. There is also an ‘ ‘ adenoma syndrome ’ 1 of a negative sort in which there 
is evidence of bronchial obstruction, -with no sputum and no hemoptysis. 

Turning now to the situation of the tumor, we can report on 58 cases in 
which our information is precise. Using terms which are generally employed, 
the bronchial adenoma was situated in a main bronchus in 12, upper lobe 
bronchus in 5, lower lobe bronchus in 26, middle lobe bronchus in 6, and in 
a branch bronchus in 9. The middle lobe lesion is worthy of separate con¬ 
sideration but for present purposes (that is, discussion of therapy) can be 
regarded as a branch bronchus. The degree of invasion of the bronchial wall 
can be stated ■with certainty only' in removed or autopsied specimens of 
Avhich we can report on 25. In 6 the tumor was purely endobronchial, hi 
most of the remainder, the extension thi’ough the bronch'us was limited. 

2 the extrabronchial portion was very much larger than the endobronchial. 
It is proper to point out that vertuaUy' all these cases were operative ones, and 
as such are to be contrasted 'v\'ith those in Avhich bronchoscopic treatment was 
employed. 
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The cnscs in Avhich fventmcnt ivns bronchoscopy and which will be re¬ 
ported in detail by Kramer and Som arc referred to here chielly becanso of 
cures which Avere achieA'cd. The follorA’inp results are stated on the basis of 
long follow-up: Adenoma of main bi'onchus, 5 cures, 1 failure; of upper lobe 
bronchi, no cures, 2 failures; of loAvcr lobe bronchi, 7 cures, 7 failures; of 
middle lobe bronchi, 2 cures, i failures; of branch bronchi, no cures, 3 failures. 
Cnscs are listed ns cures onl 3 ' when repented biopsies of the base at intervals 
of months to j’cars after cndo.seopic removal of the tumor establish the absence 
of ncopln-stic tissue. It will be noted that the most favorable area for cure 
is adenoma of a main bronchus. The rea.son innj' be in part more readj" ac- 
cessibilit.v but also a lesser tendenej’ to bronchial penetration of main bronchus 
adenomas. Thi.s is high lighted by a sludj- of the specimen in one case in our 
series in Avhieh pncumoncetom.v was performed but in which cure by broncho- 
soopic treatment could certainly have been achieved. It should be emphasized 
that failure of treatment to cITeet a cure in our scries of cases is not 
s.Anionjnnons Avith failure of treatment since not a feAv of the patients Averc 
cured sj-inptomnticall}- for long i)eriod.s of time, hhirthennore, one of the 
indications for radical operation ns stated in the literature is infection distal 
to the neoplasm. Undoubtedly bronehiccinsis resulting from tumorous broncho¬ 
stenosis and infection is irrcA-ersiblc but this docs not ncccssnrilj- demand 
surgical erndiention. In our series AA-ere 5 patients Avith suppurative bronchiec¬ 
tasis in AA’hom there Avns not only complete endoscoi)ic removal of the tumor 
but also disappearance of infection. 

There is not suffleicul time for a discussion of the indicatioms for and con¬ 
traindications to endoscopic treatment of bronchial adenoma. There can be no 
question, hoAVCA'cr, ns to the inndAusnbility of persisting in the biunchoscopic 
treatment of adenomas in branch bronchi or of adenomas in any bronchi AA-hen 
there is eA'idence of extension bcA ond the aaoU. Thus, it is clear that lobec¬ 
tomy Is indicated for branch bronchus tumors and for most tumors in the 
upper and middle lobes. 

There are tAVo main indications for pneumonectomy for main bronchus 
tumors: (1) Extension beyond the Avail of the bronchus and (2) regional 
lymph node involvement. According to the evidence which has been pre¬ 
sented, the indication is not to be based on the as-sumption that bronchial 
adenoma is a precancerous or cancerous lesion. For example, Ave performed 
a pneumonectomy on a Avoman 64 j'cars old for a circ'nmscril)ed tumor 
erroneoAislj'' thought to be a primary cancer of the lung. This proved to be 
a bronchial adenoma Avith an adjacent involA'ed Ijunph node Av'hich resembled 
roentgenologically a circumscribed cancer'of the lung. The patient, AA'ho Avas 
not a good surgical risk, had been virtually symptom-free and had not only 
carried the lesion for many years, but also Avould hav'e borne it avoII in¬ 
determinately in all probability. Had aa’O knoAvn the nature of the lesion Ave 
would have withheld operation despite the involved regional node. To cite 
instances in Avhich pneumonectomy has not been perfonned and yet the course 
has been satisfactory, there are a feAV patients in whom symptoms suljsided 



154 


THE JOURNAL OP THORACIC SURGERY 


entirely or in large part after partial bronclioscopic removal of the tnmor, aiul 
in whom death occurred much later from unrelated causes. There are two 
eases in which drainage of the empyema was the sole procedure and the 
subsequent course has been satisfactory. Perhaps the advocates of uniform 
radical operation might, or would, concede conservative treatment in the old 
or poor-risk patient under certain circumstances. "What about the young and 
good-risk patients who make up the preponderance of the cases? liVith the 
present-day development of thoracic snrgeiy virtually no mortality and hut 
little morbidity need be anticipated in such patients whether subjected to 
lobectomy or pneumonectomy. The argument concerning the malignancy of 
bronchial adenoma thus becomes, according to this view, merely one of 
didactic interest. However, it is because most of the patients suffering from 
bronchial adenoma have many years to live that they should not be deprived 
mmeeessarily of large areas of pulmonary tissue. This discussion may be 
closed aptly by reference to a patient Avho has done well after a pneumonec¬ 
tomy for adenoma performed six years ago. The report from another source 
on the bronchoscopic specimen was “malignant neoplasm.” The. operative 
specimen revealed a main bronchus adenoma ideal for endoscopic' removal. 
There is surely no justification for pointing with pride to the result of surgery 
in this case. To conclude, there is full justification for the conservative treat¬ 
ment of selected eases of adenomas in the main and lesser bronchi, just as the 
evidence is clear in favor of lobectomy or pneumonectomy’’ in other cases of 
bronchial adenoma. 

SUMMARY 

Broneliial adenoma is a clinieopathologic entity'. CbnicaUy’’ a symdrome 
termed the “adenoma symdrome” occurs ui the preponderance of cases. The 
microscopic characteristics are those of a benign neoplasm, with an orderly ar¬ 
rangement of distinctive cells and a virtual absence of mitotic figures. Metastasis 
is not common and when present it consists usually' of limited involvement of an 
adjacent lymph node, in which the pattern of the parent tnmor is repeated. 
Remote metastases are extremely' rare and consist usually' of minute deposits 
which repeat the pattern of the primary tumor. Bronchial adenoma occurs m 
the larger bronchi in the great majoifity of cases, rarely in bronchi which are too 
small to be accessible to the bronchoscope. The tumor may be situated super¬ 
ficially' witliin the bronchus or extend through the waU to a varying degree. 
Complete eradication of a superficially' situated tumor can be aeliieved by 
endoscopic treatment particularly' when the tumor is situated in a mam 
bronchus. Not only' cure but also subsidence of infection and retention of the 
lung can be achieved thereby'. In -the case of extension into or bey'ond the 
bronchial wall, local excision by' bronchotomy as advocated by' Eloesser can be 
considered. The contraindications to bronchoscopic treatment are outlined. 
The indications for lobectomy' or pneimionectomy are stated. 

The treatment of bronchial adenoma should be based on the concept of a 
benign neoplasm -udth a long life histoiy and not on the concept of a can¬ 
cerous or precancerous lesion. 
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UlSCUtSSIOX ox *‘tiIE MALIGNAXT XATUKE op bronchial ADEXOJIA” BV dr, ALFRED 
GOLDMAN*,* AND '^ADKXOMA OP THE BROXCIIUS" BV DR. COLEMjAN B. 

RABIN AND DR. HAROrJ) NliClIOP 

DR. EVART8 GRAJIAif, 8t. —TJicso two papers which \^■o have just licarU have 

been of enormous interest to me, but I must say that they leave me somewhat confoeeJ. Many 
of j'ou will rcraoml>or that two years nj;o wo heard nn extensivo discussion of this subject. 
There were in nil 16 or 20 coj^cs reported by various discussors ns well ns bv myself, who pave 
tho paper on the (jocstiou of so'Callcd ndenouiu of tho bronclins, in wliicli tlioro was undoubt¬ 
ed evidence that distant tnctnstnses had taken place in theso tumors, Now I am A'cry happv 
to And that Dr. Goldman, I think I am correct In snyinp, has changed Iiis attitude. Per¬ 
haps I am misquoting him, but T bolicvo I ;ini correct in stntiug that lie thought only a few 
years ago thnt these tumors wero never mnlJgjmnt. I do not know ^^hy it 5s so hard for this 
idea to die in tho minds of evcrybrnly, lluit tiu'se tumors should never l»c coasidere^l malignant. 
Dr. Kenhof lias rcfcrro<l to the unwillingness of patliologistfl to accept tho idea that tjiesc 
tumors are potentially malignant, a point nhlfli many of you know Dr. Wonmek mid I lm\*o 
Itoen trAdng to develop successfully for a period of td»out eleven ycjira now. 

Now I do not agree with Dr. Ncuhof, If I uridcr».too<l him correctly, that pathologists in 
general are reluctant to odmit the potcntinlily <>f umlignnncy in tlicxo citses. I would say, on 
tho contrary, that ray qmi inquiries, not only in tho Tniteil Pfntcs but also in Englond last 
fall, eonv]ncc<l mo that more and more pnthoh»gisls have come around to the point of view 
that these tumors arc potentially malignant. Perhoirs Dr, Ncuhof has that idea because he 
raakw the statement, which to mo is a very strange one, thnt ho would exclude tho cylindromas 
and tho mixed tumors which arc malignant nod talk only about tho adenomas. In other 
words, bo says, will dismiss front my talk those which nre moliguont, and confine my re* 
marks only to tho!»o which arc not malignant.'' And yet hr* mejitions that even among tho 
group which lio designates as having n benign form of malignancy—whatever that is, I do not 
know—tlicm is involvement of tho lymph nodes, iuvolvomcoT in two Instances of tho liver, and 
bronchial mill invasion. 

ify idoo, and my dofinitlou of malignancy In n tumor, is evidently totally di/Tcront from 
his. It is impossible in a few minutes’ time to develop this Idea again; I nm almost oshnmed 
to stand up hero ngnin and re»Jorelop fbeso />oints which wo liavo omplmsiro*! in various 
articles In the litomturo over a iwriod of nlmut elovi*ii years. ^Vo have never indicated that 
Wo thought all these tumors were malignant; wo have never indicated tliat wo tliought these 
tumors were malignant at nil times. When one considera the question of potential mnlignaucy, 
ono assumes, of course, that somctliiug luippens to a tumor which la present, tho nature of 
which happening wo do not know, but tho tumor iKTomes malignant; something happens to 
tlin tumor, eels off a trigger, and it liocorors nuillgnant. Now it in entirely possible, of course, 
that under hucJi drcum-stancos, and there uro nmny other cxomplea in other parts of the body 
whMi I will not take time to montiou, it la entirely possible that if one sees these tumors in 
tlio premalignnnt stage, of course ho will cojisidcr them ns benign tumors and of course nt 
that time they will bo benign tumors. I maintain, however, thut tho evidence is very strong 
uow that many of those tumors become malignant, and I \vill state also thnt I Imvo had three 

of extensive metastnses bi tho livor, of tho sort of tumor which Rabin and Nculiof 
designate as benign adenoma. ' 

I think it is n curious fact, and ft very interestlug and important one, that except 
for on ocrasionnJ nnd very oxccptioutil report in the litomturo, iiobo^ly know anj'thlng nlxiut 
bronchial adenomas until rnUun tho last eighteen or tmmty yenre; in other wonls, it has been 
Wincidontnl with development of tho bronchoscope. Can one imagine that pathologists, tho 
ttiost famous patJiologista in tho world in those dnj-s, would have failed to seo bronchial 
adenomas; in doing autopsies could one suppose they would Imve fane<l to sco tUemf Docs 

•SCO paffQ 137 for arttete by GoWnmn. 
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it not seem probable that they would have attracted some attention, because they are interest¬ 
ing tumors, they are curioxis tumors? "Would it perhaps bo fair to make a suggestion such 
ns Dr. Womack and I made in our article in 1937, and as Dr. Goldman has also said today, is 
it not a fair assumption that many of these tumors when they become uildly malignant or 
definitely malignant make it impossible for the pathologist to recognize that they have origi¬ 
nated in an adenoma in the bronchus, because it is impossible to tell after they have spread 
aU over and have involved all the organs. Now, if there were such an occurrence, what sort 
of tumor would we expect to find? Eemember that this adenoma that Dr. Neuhof is talking 
about is composed of little round cells, scanty cytoplasm, almost entirely nucleus. Dr. Mc¬ 
Donald tells us, and shows us a picture, and says that the British call tlie most malignant type 
of bronchiogenic carcinoma the oat cell carcinoma. Tiie cell which is seen in these so-called 
oat cell carcinomas looks exactly like these cells which you see in the bronchial adenomas that 
Dr. Neuliof is describing. I will pose the question again, then. Is it possible that sometimes 
these tumors become so malignant that they are recognized only as so-called oat cell car¬ 
cinomas but which had their origin perhaps in a so-called bronchial adenoma? 

One more point which has been mentioned here this afternoon is that these adenomas are 
characterized by the fact that tliere is no ulceration in the mucosa overlying. That is true, 
but even mthout ulceration of the mucosa overlying I have seen two patients with metastases 
of the liver from which presumably they died. I have seen other cases with extensive lymph 
gland involvement. Finally, I would like to make one other statement which is not too con¬ 
clusive. We have been interested in the very interesting technique which Dr. Harry Green 
of the Pathology Department at Yale has developed—I am sure many of you are familiar 
with it—of injecting pieces of tumor into the anterior chamber of the eye of guinea pigs. 
His contention is that no tissue will grow by such technique except two kinds, malignant 
tumors and embryonic tissue, and by embryonic tissue he means tissue taken from an embryo. 
We have recently transplanted so-called adenomatous tissue of the kind Dr. Neuliof is talking 
about, not the kind he dismisses as being malignant but the kind ho says is benign-malignant, 
into guinea pigs’ eyes. Unfortunately, there has not been time for mo to find out just what 
has happened to these guinea pigs, but I had a telegram Saturday afternoon from Dr. Kemler, 
who has been doing this work, and he said there is a growth in the eyes but he had not yet 
had time to examine it. I am making that statement for what it is wortlu It is not con¬ 
clusive but we shall report on those findings Inter after we have had an opportunity to study 
them. 

DE. OSLER ABBOTT, Atlanta.—There is no more intriguing pathology in the lung 
than so-called adenoma. I also feel that I am not certain what to do about it. I was brought 
up and trained on the theory that it should be removed by total pneumonectomy. Reports 
have come out that these tumors may be arrested with lobectomy alone. Our policy m 
Atlanta had been to do lobectomy for adenoma and if the immediately resected section shows 
no node involvement, the operation is discontinued at that point. We felt happy ivith this 
type of procedure until we encountered a patient a Uttle over a year ago in whom there was 
an adenonm and in whom considerable lymph gland involvement was noted throughout the 
mediastinum. A total pneumonectomy was donej there was absolutely no involvement of the 
glands removed, but a careful examination of the tumor microscopically revealed several micro¬ 
scopic fields in which there was imquestionable transformation of this tumor from its basic 
cellular structure into a grade 3 squamous cell carcinoma. This experience has lieen repeated 
on three occasions since then, and in every case the adenoma has transformed itself into a 
squamous cell carcinoma with major areas of intact so-called “benign adenoma tissue’’ about 
it. Two other patients have been encountered in whom the tumor did not transform itself 
and there was very extensive invasion of the posterior chest wall on the left side. One pa¬ 
tient had extremely extensive invasion of the major mediastinal vessels. I feel that the lesion 
is only “benign’’ in its cell structure as it stands, but it is definitely premalignant clinically 
and can transform into a squamous carcinoma. Whatever type an oat cell carcinoma may be, 
it could very weU have its origin in an adenoma. 
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Dll. CIIKVALIKTI JAOKROK, rhilndclpldn.—I ranember the w»;iv?ioQ Dr. Grahnm 
roforred toj at that time I reported tiventy enw?s cncoantored at Temple Unirerrlty Clinic. 
Hlnce tlmt time wo Imvo (mkti twcI\*o more nucU patients. Of the oriRinnl twenty, three hail 
boon treatc<l sorfpenlly, nith lobectomy in two instanccit and pncumonectoray in one, nnd 
scTcntccQ bronehoscopicftlly. At the present Umo those patients nro status quo except for one 
of those treatoil bronchoscopicully, who ht« just recently had ft very successful lol>ectoniy, with 
romovnl of the middle and lower ]ol>cs, not beenuM there utu profrression of the tumor but 
Iroeause she still ,lind recurring attacks of cough with some production duo to the bronchiec¬ 
tasis in the lower lolx*. Of tho twelve new cases, seven patients were treated surgically and 
rive bronchoscopically. 

I IkjIIcto tlmt tho crux of tho confusion lies In the pathologic nnd histopathologic ding- 
noils. I think, as Dr. Is’cuhof and Dr. J?nblii hnro said, wc should eliminate tho mixed tuDior> 
nnd cylindronuis, and consider these as sepnmto groups. It is extronicly interesting to Ii^nir 
Dr. Habin’s view on this, since he is one of the pioneers in the study of these cases. I flo 
not I>elicvo true adenomas linvo any inherent tendency to bocomo malignant, but I do not say 
they nrcfr may l>ocomc nmllgnant. However, I tliink treatment depends by no means entirely 
on tho pathology; that is, on malignancy or benlgnancy. Dronchoscopy is ulwnys indicated 
first, for study and biopsy, nnd for clearing op the long. Broncbof^plc removal may bo 
curative when the tumor is attache<l by a narrow pe<l(cle; bronchoscopy will bo helpful always 
when there is ncetl for improvcil drainage. The indications for pneumonectomy or partial 
resection are, in my opinion, cliicfly in eniw^ where It is Imposslblo to remove the tumor 
bronchoscoplcally, and in eases uhen* there has l>cen Irrcversihlo damage to the distal portion 
of the lung as n result of prolonp(xl bronehhd ol>struction. 

DIL AIjKX^VXDKB K. VT. ADA, Ken* York.—I wish to present two cases which illus¬ 
trate tho problem under discussion. Tho first Is that of a DSyeor-old wldto woman, atlmitted 
to St Lnke^s Hospital, New York, In Moy, 1047. 8ho had ciporioaccd recurrent hemoptyses 
for tho past twelve years. In December, 1043, bronchoscopy wrm performed at another hospital 
and a biopsy ^vns taken from a tumor in tho left main bronchus. The microscopic sections 
were thought to represent adenoma, although certain areas showed definite irregularity in 
tho nTTangement of tho colls. One year later two soccesslvo bronclmscoples wro performed 
la on attempt to remove tho tumor. In February, 1047, another bronchoscopic biopsy ^vns 
reported as adonoenreinomn. Laminogmphlc studies showwl a tumor in the lumen of the 
left lower lobe bronchus, with peribronchial Infiltration. Findings on routine x-ray films of 
tho chest were essentially negative. On Juuc 2, 1947, a total pneumonectomy was performed, 
and recovery was uncomplicated. On gross pathologic examination, a pedunculated rounded 
tumor, 2d> by 2 era., was found just within tho opening of tho left lower lobe bronchus, pro¬ 
jecting into tho main branclies. Tho tumor had a depth of 2.6 cm. and extended outward 
into tho surrounding lung. Two centlmetcni distal to tho tumor there was a second one, 
2.5 by 1.5 cm. in siic, which was similar to Uio first. The lower lobo showed enlarged thick- 
' walled broncld and bionchloles with the appearance of bTonchlectasca and arena of fibrosis. 

Sections through the pedunculated portion of tiio groVi'th showed that toimrd the surface 
the tumor ^vas composed of long chains and anastomosing strands of rather small cpltliollal 
cells, suggesting an origin from tho basal layer of the macosa. These luid a glandular pat¬ 
tern, but tho cells wore about tho same slxo and shape, stained verj' deeply and, for thse 
ycosons, did not suggest a very highly malignant growth. In certain areas, however, they had 
invaded the cartilage of tho broacJius and hero there was also conslderublo bone. Tho latter 
was burrounded by tumor nnd tlic cartilage was detached from tho perichondrium. In these 
areas the lymphatics were invaded, but not the nodes. Pathologic diagnosis was adenocar¬ 
cinoma of bronchus, nodes not involved. 

Tho clinical counw in this patient and the early broachowopic and pathologic findings 
t^ded to confirm the diagnosis of adenoma. However, 'over a period of years the tumor 
to have acquiro4 some of tho characteristics of malignancy. This case also illustrates 
tke possibility that more than one tumor may bo present and eecnpo recognition. 
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Tlie socoud patient was a 35-year-old white woman, who was admitted to St. Luke’s 
Hospital in July, 1947. Five years before, she had been liospitalizcd for a virus pnemnonin. 
Soon after, she developed occasional pain in the left chest, accompanied by cough and 
hemoptysis. These symptoms persisted one or two weeks at a time and recurred at 'about 
monthly intervals, usually at the time of menstruation. Four years before, bronchoscopy had 
been done, with the diagnosis of adenoma of the lung, although the histology uns more typical 
of lymphoblastoma. Bronchoscopic biopsy one year later was diagnosed carcinoma, and a re¬ 
peat bronchoscopic biopsy in April, 1947, was diagnosed adenoma. 

On admission, the x-ray films of the chest showed no pathologic lesion or abnormahty 
On bronchoscopy a large papUlomatous red mass was visualized, fiUing the opening of the left 
upper lobe bronchus. Microscopic diagnosis of a biopsy was adenocarcinoma. On July 15, 
1947, a successful left total pneumonectomy was performed. 

Pathologic examination showed the tumor to arise from the posterior wall of the upper 
lobe bronchus. It projected into the lumen and extended toward the hilns and dounuard 
into the lingular division. Microscopic examination of the tumor showed it fungating into 
the Imnen, where it was composed of many solid sheets of cells with a glandular arrangement 
The tumor cells infiltrated the wall deeply and extended to the cartilage which was partially 
destroyed. The cells were also outside the cartilage in the peribronchial tissue; however, 
the nodes were not involved. Pathologic diagnosis was adenocarcinoma of the bronchus; 
nodes not involved. 

These tavo cases tend to confirm the experience of others, that adenoma of the bronchus 
may undergo malignant changes, and that certain tumors presenting similar clinical features 
and bronchoscopic appearance may be be malignant tumors from tlie onset. It is evident 
that a correct diagnosis cannot always be obtained from one or more bronchoscopic biopsies. 
Under the circumstances it would seem that the necessity of pulmonary resection should be 
of prime consideration and, if performed early in the disease, more conservative excisions or 
procedures would suffice to effect a cure. 

DE. JOSEPH GORDON, Ray Brook, N. Y.—I should like to give a follow-up report on 
ten cases that have had a period of five years’ observation. At the time of the original report 
by Dr. Chamberlain and myself, seven patients were reported as recovered, two died, and one 
was inoperable. We now have a report on six cases. Five are considered well, although one 
has a sinus tract infection. The sixth case is of interest to Dr. Graham. The left lobe of 
the liver was removed in Albany by Dr. Dickinson, and the tumor cell is identical with that of 
the bronchial adenoma. This patient has returned to work following lobectomy of the liver. 

DR. D. H. WATERMAN, Knoxville, Tenn.—^Personally, I agree with Dr. Graham and 
Dr. Abbott in saying that these are malignant or premalignant tumors. I would like to call 
attention to the bleeding that occurs on biopsy. As you know, hemoptysis is a very common 
symptom in the history. We have had four cases in our series in which terrific bleeding oc¬ 
curred when bronchoscopic biopsy was taken, one of these terminating fatally. 

I beUevo Dr. Gordon mentioned that he had had two cases in his series where death oc¬ 
curred at bonchoscopy. We have been rather reluctant to treat or oven biopsy these tumors 
through the bronchoscope when we felt resection should be resorted to anjuvay. 

DE. AV. E. ADAMS, Chicago.-—A few years ago. Dr. Bloch, Dr. Steiner, and I reported 
on a group of these patients, and in that group there were three autopsies. One patient died 
from asphyxia due to obstruction of the trachea by tumor; another from pneumonia; and 
the tliird following operation. Wo called attention to the fact that mediastinal node metas- 
tases, and in two of the three, distant metastnses to the vertebrae or liver were found. Smec 
that time we have had experience with another patient:, a 34-yenr-old woman who, in 19^ ) 
had a circumscribed upper lobe lesion; the sputum was negative. She was given x-ray therapy 
with complete disappearance of the opacity. She had no symptoms until 1942, nine years 
later, when hemoptyses began and the lesion appeared as in the original roentgenogram. E®" 
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iCfltton WHS rccomniCTulcil nnd vrns dclovcd for Bonio inontlt!i, "\Vc found no ovidcnco of In- 
Tolvonicnt of tlio rcRionnl l}Tnpli nodra. Eighteen monllia Inter eho Imd a pelvic opomtion, 
and tho Hror \vnfl found completely atudded with no<lulcs. One of thoso ^\^l8 removed, and 
•ahowed tho anine cellular formation ns that of the original lesion. Slio has been completely 
asymptomatic since operation and shows no signs of metastases. Wo know, since this has been 
demonstrated microscopically, that sho does have mctastascs to tho liver and we do not 
know where else. 

Experionco has led ub to l>elicvc that these tumors mmat bo considered malignant; slow* 
growing carcinoma is a goo<l term. From (he microscopic nppeamneo one cannot predict 
which of these lesions will metaatasixe. Thus, all should be considered potentially malignant. 
Ono cannot clnssify tho tumor as to tho rate of growth. We know Hint a squamous coll car- 
dnoma may l>o present for years without producing symptonis. 

Addendum ,—This patient recciitly developed signs and sjauptoras of cercbrul motastascs 
and died shortly thereafter. 

■DR. EDGAR W. DAVIS, Washington.—Last night and again this morning I talked 
to several members of this Society about adouonuva and to my aTunroment Dr. Graham a fovr 
momenta ogo used tho same expression I heanl last night, ^^Wo aro confused.'* To listen to 
tho various discussions on tho management of aihmomas is often more confusing. It ^vo^ld 
seem that it is virtually imposslblo to ol>tnin umfcirm opinions from various pathologists as 
to tho malignancy or benlgnancy of those lesions. It is nice to liavo a correct preopcnitlvo 
diagnosis on a patient but I do not agree that this is a clinicopathologic entity because I 
And from bronclioscoplc biopsy and oven from the surgically removed specimen that 
pathologists of repute differ widely m deftoing the noturo of tho lesion. It Is for this reason 
that I doubt Gmt tho histologic report of a biopsy should necessarUy dictate our mode of 
thompy. Ono pathologist may classify a given scctiou as a grade 1 or grade 2 ninllgnancy, 
whereas another pathologist may classify it os a booign lesion. 

It has been our policy in tho management of these so-called adenomas to lake a bronclio- 
Koplc biopsy if possible. If all tho tumor con bo removed bronchoscopically and if all tho 
sections by different pathologists aro called bcuign, nothing further is done. If, however, 
there is any question as to whctlicr it is a bonign lesion or if it is not entirely accessible to 
the bronchoscope, n lobectomy or segmental rcsoctlon is done. If tho pathologist then re¬ 
ports a benign lesion it is iinnecessary to sacjdflco any ndditionnl lung tissue. If it is re¬ 
ported os qucalionnbly malignant, we do not bcUore anything short of a lobectomy should 
Iw done. 

DR. CLARENCE CILVFOORD, Stockholm. —We havo ono case in which operation ^vn^ 
done in 1930 with total pneumonectomy, which in some respects illustrates tho question of 
malignancy of broitcliial adenomas. At tlio tlmo of operation tho diagnosis was bronchial 
carcinoma. There was Invaslvo growth in tho raedinstinum and metostascs were found in 
mediastinal lymph nodes. A study later on of tho specimen, howovor, showed tliat this 
tumor without doubt belonged to tho group of mixed salivary gland tumors to which group 
we consider tho so-called bronchial ndcnoiua to Imlong. That patient was well imtil 1940, when 
ho came back with rccurronco in tho bronchial stamp and with cliniexil evidence of tnmor 
growth in Gio mediastinum. lie died about ono year later. In tliis case there were un¬ 
doubtedly clinical signs of tho bronchial tumor so far back as soven years before ndniiaaion. 
This case and many more in our expcricnco hnvo riiorni us that if tumors of this type ore to 
1» considered ns imtcntinlly ranllgimnt, they cannot Im clinically rt'ga^de^l malignant in tho 
^amo Bcnso an- real carcinomas. If within n rcnsonablo lirao Giey can bo locnUy radically 
excised, tho risk of a rccurronco must bo couaidoreil as very sniiill. Bocjiubo of that we hnvo 
now como to tho conclusion that it is advisable to treat these tumors more cousorvuUvely 
tlinn carcinomas. jVb It is imiwssiblo to diagnose if there ia in addition to tho intnibronchinl 
hronchoscopicaUy visiblo gro\vth also an cxtrabroncldal extension in tho great majority of 
®^i*«,'WO aro now of the opinion that endobronchial removal of the tumor is not to be con- 
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DK. GOLDMAN.—There is not time to answer all the problems raised. I have changed 
my mind from what I thought at the time I read the paper before the Society in 1938. We 
had never observed up to that time any lymph node metastases, and wo followed some patients 
for twenty years. The first patient reported in that paper was operated upon about 1915, 
when empyema and abscess were drained. The tumor was as large as a grapefruit when the 
patient died. There was no lymphoid involvement. 

I have modified my opinion to tliis extent. Tliere are varieties 'of adenoma. One variety 
which ^vas shorni is cylindroma or mixed tumor. Of this variety' .shown in the first case, I 
have seen two cases. The other patient also died after bronchoscopic removal of the tumor. 
Early surgery with removal was not done. I believe we should differentiate tlie adenoma 
group from cancer, if for no other reason than that when wo operate and remove the tumor 
the patient’s chances are so much better, and I believe we should always separate them from 
carcinoma in reporting statistics. 

I am somewhat pleased to find the evidence as reported by' Dr. Abbott and Dr. Gordon, 
that these tumors may metastasize and go for many years without producing death. It seems 
to me they metastasize whether they are old or young. It seems local lymph node metastasis 
does not always occur, but is perhaps more often found in older tumors. Regarding what 
Dr. Crafoord said, I reported a case in 1947 which had primary bronchoscopic removal, and 
after three years there was local bronchial recurrence. AVlien a lower left lobe resection was 
done a tumor nodule could be seen inside and outside tlio bronchus. Tliis patient has had 
symptoms for twenty-five years and there is no sign of metastases. If in a given case all 
the tumor can be removed by bronchotomy, local surgical resection, there are patients in whom 
that can be done to conserve the lung. Regarding Dr. Eggers’ cases I do not agree com¬ 
pletely that local removal is always successful. I have seen deaths from attempt at broncho¬ 
scopic removal. I am sure every bronchoscopist is alarmed by the large amount of bleeding 
which may occur. Particularly where there is suppuration, opening the bronchus will not 
cure that patient any more than a chronic abscess, and resection should still be done for the 
original disease. 

There is much more to be said about his subject. The ideas of the origin, and the ideas 
we have as to tlie growth of these tumors may be modified. Dr. Nathan Eriedman has an 
idea about mixed tumors. He considers that these tumors, arising from the original cell, may 
form two or more different cells—and they do not have to go through a complete life cycle 
to complete malignancy—they may die out; thus some adenomas may develop to a certain 
point and go no further, and perhaps others go to complete malignancy. 

DE. EABIN.—In this prolonged discussion it has been emphasized that certain mem¬ 
bers have been loft with a feeling of confusion. I may say tlus: where confusion begins, 
this is the beginning of clarification. Years ago this tumor was reported simply as carcinoma 
and therefore did not constitute a special problem. Dr. Harry "iVessler,' to whom belongs 
the credit for recognition of the tumor, was confused when the pathologist reported several 
such tumors of long standing in young women ns malignant. Dr. Mandelbaum admitted 
the growths were peculiar and different from carcinoma, and he said: “If it is shown to 
me that they run a benign course, we must consider them benign, even though to me as a 
pathologist they appear maUgnant. ’ ’ 

Wo have passed a certain phase in the confusion regarding tliese growths, that is, con¬ 
fusion with ordinary forms of carcinoma. Wc have not passed the point of confusion of the 
adenoma with other unusual tumors. A few- slides will illustrate this: (Slides.) The type 
shown on the screen falls into the group called tlie carcinoid typo of adenoma which, together 
with the acinar type, make up the category of bronchial adenoma. I would exclude the 
cylindroma, which looks like certain portions of salivary gland tumors, mixeil tumors con 
taining bone and cartOago and sometimes other elements, and the entire group of mixed tu 
mors, including osteochondroma. In addition, tumors resembling certain basal ccE carcinomas 
of the skin showing cystic adenomatous changes are more properly relegated to carcinoma or 
cylindroma and should also be excluded. 
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Before formulfitinp n dinlcnl ela^si/icution of tlio prowHi one must start witli a 
pathologic classification. The patholopmt must clnaslfp what he sees niieroscoplcnlly, and than 
follow tho pathologic course of the growth before Uo cau help tUo cUnlcinn in planning treat¬ 
ment. 

In this respect I wish to show the following slulcs. This tahlo sliows fivo cases with 
tumors in tho main bronchus, and no responso to endoscopic therapy. They show a history 
of from seven to thlrty-BCVon years, and how mucli longer the tumors were present avo do not 
know. There wo have failure of endoscopic n'movnl in patients who have a long historj' aver¬ 
aging thirty-threo years of symptoms. Hero uo have n group of fifteen patients who appear 
to bo well after bronchoscopio trt'^tuirnt nu«l who have l>ocn followd for a consldomblc time, 
without recurrence. One has been followed for fourteen years, and fivo Imvo lK>en followed 
for more than ton ir*car8 without TCt^aneuct' t>e»ng found. It must l>o concludwl that at least 
some of these patients arc curc<l by simple endoscopic removal. 

AVo nro dealing with n growth difTeront from «*nrcinonm. Wo know the history is longer j 
wo know tho sex Incidence is diiTorent from curcinomju It comprises a distinct pathologic 
entity. tlTicthcr this tumor is nmcnaldc to a minor form of treatment or whether it requires 
resection of n largo amount of tUsuo is not basic. Wo must scpnmlo from tho adenoma 
other tumors that hare a dofinlto pathologic picture relating to other g^o^rtlls. \Mien wj do 
that ^ro find tho incidence of nhat has been called malignant cbiingo diminishes. 

I do not think wo have to define raalignoo.-y. We have to know what tho g^o^vth does. 
Hero Ls a tumor that grows for a long time (nc luiro one Imlf dozen patients who have Imd 
tho tumor for thirty years)—a tumor which remains separot'sl front tho remainder of the 
bronchial wall in most cases, bat in some cns«^ dcN*s grow- through the trail and even into tho 
long, occasionally involving tho ndjnvonr IxTuph noles, and yomettmes cno.scs distojit metns' 
tascs, the tumor tissno still maintaining a benign np|H>nninco. These are not the clmmc' 
teristica of carcinoma in gonoml and calling it «-nr*inoum makes for confusion. Wo do not 
know what term is lK?st to nttaclt to this growtii. The ««>rd adenoum is not a good one but 
should bo retained until a belter one is fonnd. 

There is little basis for considering that many carciii'uun^ Jnvve their origin in bronchial 
adenomas. Dr, Head has pointe<l out that the duration of life in bronrhiat carcinoma is uni- 
fonnly short. Tho only tjqK) of carclnomn that hns a similarity to broncldal adenoma is 
tho small cell enreinomn. These Imvo tin* shortest hiflory nn'l this together with the absence 
of a polypoid nppcnrnnco to these growths excludes the possiliility of their origin in a bron¬ 
chial adenoma. Tho paucity of reports of aulojisie*! ensex of adenomas most have some otlior 
explanation than that tho ndennruas Imvo changed to mn’iDomns by tho time the patients die. 
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W HEN the chest is closed ivithout drainage following a pneiunonectomy, 
the pleural cavity gradually becomes filled with blood and serum. In time, 
this fluid may be absorbed or it clots and contracts and, as a result, tlie medi¬ 
astinum is dravm over to the affected side. Tliis may produce considerable over-, 
distention of the remaining lung (Pigs. 1 and 2). This phenomenon may be 
prevented by a thoracoplasty done electively, or to obliterate the empyema 
cavity in case of infection (Pig. 3). 

It has now been amply demonstrated that most patients do fairly well 
following a pneiunonectomy inthout a thoracoplasty in spite of emphysema of 
the remaining lung. Many thoracic surgeons have had the impression that pa¬ 
tients subjected to a thoracoplasty have had a better clinical result than those 
who were allowed to develop overdistention of the remaining lung. Cournand 
and his associates'’ ^ have presented data ivliich tend to confirm this impression. 
They found both in children and in adults that the exercise tolerance was better 
in those patients in whom overdistention of the remaining lung was prevented 
by thoracoplasty. 

Even though the thoracic sui’geon agrees that overdistention of the remain¬ 
ing lung folloiving pneiunonectomy is undesirable, he may hesitate to subject 
his patient to an additional procedure as major as a thoracoplasty. If a simpler 
method of preventing mediastinal shift were available, it might be more widely 
used. 

In a preliminaiy report,® we pointed out that overdistention of the remain¬ 
ing lung folloiving pneumonectomy in dogs could be prevented by filling the 
pleural cavity vith hoUow plastic balls made of methyl methacrylate (Lucite).* 
In the dogs sacrificed after four months, there seemed to be so little foreign 
body reaction to the Lucite balls that a clinical trial appeared to be warranted.. 
Our present report concerns observations made in dogs sacrificed one j'.ear after 
placing Lucite balls in the pleural cavity following pneumonectomy, as well as 
dipical experience with the use of this prosthesis in eight patients following 
pneiunonectomy for carcinoma. 

From the Surgical’ Clinic of the Hospital of the University of Pennsylvania; The 
Department of Surgical Research. Schools of Medicine, University of Pennsylvania; ana xi 
Department of Radlologj- of the Hospital of the IJnlverslty of Pennsylvania. 

Read at the Twenty-eighth Annual MeeUng of Tlie American Association for Thorne c 
Surgerj', Quebec, Canada, May 31, June 1, 2, 1948. 

•The Lucite balls used In these experiments were obtained from the Nlchol Product Com 
pany, Moorestown, N. J. 
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Pig. 1.—Severe overdlrtentton of the right lung foUowlnc left pneumonectomy for bronchtnl naenoma In a 50-yenr-olil man. Barium In the 
wophaffUB aJicrwa It to be pulled over to the loft The right lung opproacbea the left side of the choet a-oll. (From Johnson and others: Sur¬ 
gery, August, 1047.*) 

Fig. 2.—Severe overdlatentlcm of the loft lung following right pneumonectomy for carcinoma In n 58-year-ol(l man. This man has had a 
ftve-yoar cure and complains only of some dyspnea on exertion. (From Johnson and others: Surgery, August, 1947.») 
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ANIAIAL EXPERIMENTATION 

As mentioned in onr previous report, Avhen no prosthesis was placed in the 
pleural cavity, the remaining lung became overdistended and partly filled the 
pleural cavity on the opposite side (Fig. 4). When Lucite balls were placed in 
the pleural ca-vity after removal of the lung, the mediastinum was maintained 
in the midline and overdisteution of the remaining lung did not occur (Fig. 5, 
A and B ). Since the preidous report, four dogs were sacidfieed one year foUow- 
iug the insertion of tbe prosthesis. Four dogs remaining are living and ap¬ 
parently well approximatelj'^ eighteen months after operation. 



Fig. 3.—One year following right pneumonectomy and thoracoplSLSty for carcinoma o 
the lung In a 64-year-old man. The mediastinum Is maintained near the mldllne and 
overdistention of the remaining lung Is avoided. (From Johnson and others: burgeiji 
August. 1947.’) 

In aU of the dogs the Lucite balls could be heard with a stethoscope to 
rattle with each heart beat. At autopsy in one dog each baU was found to he 
abhost completely encapsulated by fibrous tissue -with no fluid between the balls 
(Fig. 6). As seeil in Fig. 7, the balls were still in contact at some points. 
Microscopic examination showed the tissue covering the balls to be acellulai’ 
fibrous tissue ivith very little foreign body reaction (Fig. 8). 

In the other three dogs, the Lucite balls were encapsulated as a group 
(Fig. 9). It appeared that each ball had its own niche as evidenced by the 













•Pliotomicrograph of avascular fibrous tl 

In Figs. 6 
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yenr aft«T pn«-urii<>nt» ton»v an«I jnj»crHon of Ludte ball proa- 

5 tf'o balU wore-. 

occupied by clear fluhl. 





K^^cJo^ICTOBmph of tiMUo removed from tho pleura between the point* In contact with 
Doiu In doff Bhown In £1. ThlB tissue Js verj' vascular with ooilular Inflltratlon. 
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impressions on the surrounding pleura. The space between the balls was filled 
with clear fluid, hlieroscopic examination of the smooth pleura where a ball 
was in contact Yith it was similar to that in Fig. 8. On the other hand, the 
pleural surface between tlie balls had the appearance of granulation tissue 
(Fig. 10). The capsule surrounding the entire group of balls was tliick and 
avascular. 

A Lucite ball prosthesis seemed to be the most satisfactory of the pi-ostheses 
considered for the following reasons; (1) eonformit}^ to a pleural cavity of any 
size or shape by varying, the number of balls; (2) lack of evidence of increased 
infection in the pleural camty; (3) minimal foreign body reaction; (4) ease of. 
removal through a small incision in the event of infection; and (5) lightness 
of weight. 



A. B. 

Fig. 11. A and B .—Anteroposterior and lateral chest films of a patient with 
prosthesis eight months after pneumonectomy. Seventj’-flve balls were used. There n> 
overdlstentlon of the remaining lung. 

The patients chosen for clinical trial had pneiunonectomies for carcinoma. 
It seemed advisable to tiy the prosthesis cautiously at hi’st in patients whose 
life expectancy was short in order to exclude possible unforeseen complications 
before using it in patients with a longer life expectancy. 

The Lucite ball prosthesis has been iilaced in the pleural cavities of eight 
patients folloiving pneumonectomy. Inasmuch as wlien a thoracoplasty is done 
to prevent mediastinal shift, portions of only seven or eight ribs are usuall) 
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•resected, the ])leiinil envity tins not l)con completely tilled with bnlLs in these 
patients. The number of Lueitc balls n.sod has vai-icd from tbirty-five to seveuty- 
llve. The patient, with scvcnly-tivc bidts in the left side of the chest was operated 
upon ulmut eight months ago. Kcccni x-rny pictures show the mediastinum to 
be in the midline and no ovordistention of tlio remaining lung (Fig. 11, A and 
It). In a smaller individual, Ibirty-iivc balls did not fill tho jdeural eai-ity but 
have prevented overdistontion of the remaining lung (Fig. 12, A and B). 



..Plr. II. X and n.—AnleropoBfcrior and InlemI chmt aim of n paUenJ with a nucite 
th^la bIx months after pneumonoctoniy. Only thlrty-flvo onc-Jnch baliB were used. The 


ilx months after pneumonoctoniy 
niMlasUnum Is mnlntalnc^ In tho mhlHnr. 


Comment. —Immediate!}’ after operation, when the Lucito balls were sur¬ 
rounded by air, one could occasionally hear them rattle a foot or two away 
from the patient. At that stage, the patient ns well often heard the balls rattle. 
Wlion tlic nir was roplaectl rvith thud, the patients were no longer conscious of 
the noise. 'With the stethoscope, however, the rattle may still bo heard with 
each boat of tho heart in all of the patients. 

There has been no evidence that tho balls have cau.sed increased postopera¬ 
tive pain. In two of three patients who complained of more pain than usual, 
we were able to demonstrate metastatic lesions. The possibility of increased 
pleural clTnsion due to the presence of the balls was considered. Thoracentases 
Were done whenever retiuired to maintain tho mediastinum in tiio midline or 
slightly toward the operated side. In three of the patients, thoracentesis was 
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never required. Two of the patients were tapped only once or twice. Thi-ee 
of the patients required thoracentesis as late as seven to ten days after operation 
but it could not be determined wliether the presence- of the prosthesis played 
a part in this. 

In none of the eight patients has there been any iiostoperative infection or 
unusual febrile response. In all of the patients the prosthesis has accomplished 
the objective of maintaining the mediastinum near the midline. Although rve 
have been looking for possible hazards or complications resulting from the 
presence of the prosthesis in the pleural cavity, none has yet been appai-ent. 
Since the dogs have been obserwed for only eighteen months and the first 
patient for only eight months, late complications of foreign bpdj’- reaction may 
y^et develop.® Our experience to date suggests that the Lueite balls may pi-ove 
to be an effective and safe substitute for elective postpneumonectomy^ thoraco¬ 
plasty. 

CONCLUSIONS 

1. Lueite balls placed in the pleural cavity of dogs following pneumo¬ 
nectomy prevented mediastmal shift and were well tolerated as evidenced by 
autopsy studies one year after operation. 

2. In eight patients in whom Lueite balls were placed in the pleural ea-dty 
after pneumonectomy the mediastinum has remained in the midline and tliere 
have been no apparent complications resulting from the presence of the balls. 

3. The evidence presented to date suggests that the use of a Lueite ball 
prosthesis may be a simple and effective method of preventing overdistention of 
the remaining lung following pneiunonectomy. 
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•It has now been nineteen months since tlie Brst patient was operated upon and no com 
plications have developed. In some of the patients the halls no longer rattle. 



AN BVAIjUATION 01'' BXTKAPLEUKAL PNEUMONOLYSIS AVITH 
LUCITE PLOJIBAGB 

IJm-onT OF FirTv-oxK Cask 


JosiAii C. Tio:nt, AI.D.jt axu Jamks L), JIoodv, JI.D. (by invitation), 
Dubiiaii, N. C., and .Joakfii S. ITutt, Jh., M.D. 

(by invitation), MfOain, N. C. 


S INCE TiifTlei' first jierforined lii.s “pleuniparielal stripping” in ISM, the 
opomtiou with inodificntioiis has hi-on iisixl by thoracic surgeons all over the 
world. To maiutaiii the collnp.se clTecled by extrapleural sepnrntiou of the 
parietal pleura from the chest wall, a Miulliludc of sul)stanccs has been used 
including air, fat, muscle, pnrnfiin, oil, aaiizc, eellophnnc, rubber, fiber glass 
wool, and many others. The search for the ideal Hubstauce goes on. 

In 1945 AVilsoii and Baker' found that l.ueite (methyl methacrylato) iu 
the form of spheres was inert in the e.xtraiilciiial space in the experimental 
animal and maintained satisfactorv' collapse of the lung. The results of tliis 
study were sufilciently encouraging to jitstify clinical trial. 

The first patients selected for operation were ‘'those so-called good clironics 
ui whom thoracoplasty was contraindicated because of low vital capacity, ad¬ 
vanced ago, bilateral cavities or those who had an unsuccessful thorncoplnst>‘.'’ 
The simplicity of the opomtiou and the immediate good results appealed to pa¬ 
tient and surgeon alike, and many patients ivfuscd to have any but the “ball” 
operation. Also, us cxpcrionco with the proceiUii'c was gained, the indications 
for operation were broadened to include those patients in whom a thoracoplasty 
would have been the operation of choice. 

A prcliminarj’ report by AVilson’ of the fiist fifteen patients on whom 
follow-up study was carried out for six to ten montlB showed tliirtecu improved, 
one unimproved, and ono dead. In spite of the early good results, however, 
Wilson emphasixed the c-xperimcntal nature of the operation and warned against 
excessive optimism. I'rom Junuarj', 1940, to November, 1946, thirty-six ad¬ 
ditional patients were operated upon by members of the Duke Hospital staff. 
As late complications began to occur the operation was diseontinued in .Tanuarj', 
1947, untii adequate follow-up studies could bo made and the iiroccdurc evalu¬ 
ated. This report is based on an analysis of fifty-one cases of extrapleural 
pneumouolysis with Lucitc plombagc in white patients oiieratcd upon one year 
and six montlis to two years and ten months prior to this raport. AVe feel that 
it is highly important to report our experiences ivith the operation at this time, 
for the practice of insoi'ting Lucitc spheres in the chest is spreading and may 
go far before,attention is called to its dangers. 


^otn the Divijlon of Thoracic SurBOrj-. Department of Sun,vn-. Duka UnWoraltr &lw) 
^ Medicine nnd Durimm, N. C, and The North Carolina State Sanatorium, McCain, 

^ Read nt the Twenty-eighth Annual Meeting of Tho American Awodatlon for Thoracic 
Hurcerj-. Quebec. Cnnntla, May 31. Juno 1, 2. 1P48. 
tDr. Trent died on Doc. 10, 104S. 
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In Table I are presented the number of operative eases in each age group, 
their classification, and the type of operation which after a careful review of 
the clinical history and roentgenograms we feel was indicated in each case. 
Nearly all of the cases fall within the far-advanced class. All patients except 
three had bilateral involvement. Twelve patients had had a previous thoraco¬ 
plasty. Nineteen had bilateral cavities or were suspected of hamng bilateral 
cavities. Thirteen patients were considered unsuitable for any tjqie of surgical 
collapse because of age, extent of the disease, and clinical condition. In only 
six, in retrospect, would we have considered extrapleural pneumonolysis with 
plombage. 


Table I. Flftt-oxe Cases, TmRTY-FivE Men, Sixteen Women 


AGE 

(YR.) 

NO. OF 

CASES 

CLASSIFICATION 

TYPE OF OPERATION INDICATED 

M.A.* 

F.^V.t 

THORACO¬ 

PLASTY 

THORACO¬ 

PLASTY 

RE\HSION 

PLOMBAGE 

NONE 

20-30 

10 

3 

1 

I 

7 


1 

o 

30-40 

13 

1 

12 

5 

6 ■ 

2 

2 

3 

.40-50 

16 

2 

14 

5 

8 

3 

2 

3 

50-60 

9 


9 

1 

3 

1 

1 

4 

60-70 

3 


3 


2 



1 

Total 

51 

6 

45 

12 

26 

6 

6 

13 



(11.8%) 

(88.2%) 

(23.5%) 

(50.9%) 

(11.8%) 

(11.8%) 

(25.5%) 


»M.A., Moderately advanced. 
tP.A., Far advanced. 


The technique of the operation has been described in detail previously by 
Wilson.^ In the present series the anterior approach -was used forty-four times 
and the posterior approach seventeen times. Three of the patients had a two- 
stage luiilateral procedure while four had a bilateral procedure. 

COMPLICATIONS 

Complications of the operation may be divided into two groups, those oc¬ 
curring during operation or in the immediate postoperative period, and those 
occurring several montlis to years after the initial procedure. 

A summaiy of the early complications may be found in Table II. Thirteen 
patients had moderate to severe dyspnea which gradually subsided in aU ex¬ 
cept four. In four patients the earity was entered at the operating table. Only 
one of these patients surrived. In three cases a mediastinal shift was obsen'cd. 
In one of these the spheres were inserted under a thoracoplasty and produced 


Table II. Operative and Early Postoperative Complications (Twenty Cases, 

39.3 Per Cent) 


COMPLICATION 

NTJilBER 

PER CENT 

Dyspnea (moderate to severe) 

13 


Cavitj’ entered 

4 

7.8 

Mediastinal shift 

3 

5.9 

Spread 

2 


Dissection downward of spheres 

2 


' Compression of superior vena cava 

1 


Cardiac failure 

1 


Urticaria 

1 


Wound separation 

1 
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only n nioclemte sliift. Tn tlic other two which terminated fatally the balls dis¬ 
sected ciiudally and into the niedinatinum. In two patients a postoperative 
spread of the disease occurred. One patient died of cardiac failure, probably as 
a i^ult of reduction of the pulmonary vascular bed. In one patient, inimedi- 
ntcly after operation marked engoi*pcnient of the neck and arm veins was noted, 
lie was returned to the operating room and after removal of oue sphere the en- 
gorpemont was relieved. Trial i‘einsovtion of the spliero produced the same en¬ 
gorgement. This phenomenon was thonght to be dne to compression of the 
superior vena cava. One patient on the tonlli postoperative day developed a 
generalized urticaria associated with an easinophilia which subsided spon¬ 
taneously. .In one patient the wound separated before the patient's discliarge 
from the liospitnl. This patient later developed a bronchoentnneons fistula. 

The late complieation.s arc summnrizeil in Table III. The tuberculous 
infections of the oxti*apleunil space were tlingnoscd l)y aspiration, tlic presence 
of a sinus, or reopcintion. Four patients remained dyspncic after operation. 
Ihvo patients |md sevoro inonpacilnting elicst pain. One of these became a 
narcotic addict l>eforc death j the other developed a tuberculous infection ni’ound 
die spheres two years after opomtion. In one patient roentgenograms showed 
die spheres protniding through the medinstinum into tlic opposite side. 

Because of the difUculty in visualizing a envity in the lung once the Lucitc 
spheres have been inserted, the number of jmtients with persistent cavities under 
the spheres cannot be dctcrmine<l nwuraUdy even with the aid of laminography. 
A fluid level in one or more of the sphei'cs is a frcMpicnt roentgen finding and 
may be a source of confusion in attempting to identify cavities. In throe pa- 


Tabli; m. L.\tb roSToi’nfi.\Ti\x CoMPLic.vTioNa (SixTKn,v Cascs, 31.3 Pna Cnsr) 


c»Mrua\Tioxs 

Nununa 

rca OKST 

Tubercttlonj lafcctiou nroond spheres 

11 

L»1.5 

Draining sinus 

4 

7.8 

Spheres extruded beneath skin 

4 

7.8 

Dyspnea 

4 


Severe chest pain at operative silo 

- 


3figratJon of spheres into medlastbium 

1 



tients in whom definite cavities could be seen under the spheres, an attempt was 
made to remove the spheres prcliminnn' to further surgical collapse or resection. 
In one case the spheres wore so densely eniljcdded that I'cmoval was impossible 
without endangering tlic iiaticnt's life. Tlic attempt was abandoned after five 
spheres Iiad been removed luul the caWty had been entered. In the other two 
cases the spheres were removed with great difRculty. In each case tuberculous 
granulation tissue was present botw'cen the spheres. One of these patients had 
' a fatal pulmonary hemorrhage a few days after operation, wliilo the other de- 
^'cloped a severe tuberculous wound infection. In five patients the spheres 
were rGmo\'e<i because of tuberculous infection in the extrapleural space whicli 
developed two months to two yeara after operation. In most of these cases re¬ 
moval was roJativoI}' easy, but in tw'o cases all of the spheres were not'recovered. 
One of tlieso patients was subiected to a second opomtion to recover a sphere 
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Table IV. J?esubts in' riFnr-oxB C.vses 


AGE 

(YR.) 

IMPROVED 

UNIiLPROVED 

WORSE 

DEAD 

OPERATIVE 1 

late 

J20-30 

2 

1 

2 

1 

3 

30-40 

3 

1 

6 

1 

3 

40-50 

3 

1 

8 

3 

1 

50-60 

1 

0 

2 

3 

3 

60-70 

1 

0 

2 

0 

0 

10 (19.6%) 
Total mortality 35.3% 

3 (5.8%) 

20 (39.2%) 

8 (15.7%) 

10 (19.6%) 


embedded in the apex of the lung which could not be found at the first opera¬ 
tion. Four of these patients had draining sinuses and one an open woimd. 
One patient who developed a tuberculous infection of the extrapleural space 
two months after operation had a wound separation and a fatal hemorrhage 
from the wound. 

RESULTS 

We have considered as improved those patients who improvM s 3 ’mptomati- 
cally and who had negative sputum; as unimproved (two patients) those who 
were not made worse bj^ the operation but who continued to have sj'mptoms and 
unsatisfactory sputum examinations; as worse, those with positive sputum and 
continued progression of the disease. The complete results are summarized in 
Table lY. Ten cases can be classified as improved. These ^vill be given in detail. 
Twenty were definitelj' woree and seventeen patients died as a direct result of 
the operation; one patient died two years after operation fi’om coronary occlusion 
(no autopsy). The corrected late results in fortj'-two cases are summarized 
in Table V. Excluded from this table are eight operative deaths and one re¬ 
covery in which no spheres were inserted following entry of the cavity. 

Eight cases in which death occurred from seven to sixty daj’s postopera- 
tively are considered operative deaths. All these patients were poor operative 
risks, four of them hopelessly ill. In three of these cases the carnty was entered 
and no spheres were inseiled. Death resulted from infection and respiratory 
failure. In three cases the spheres were removed six to eight days after opera¬ 
tion because of marked d^'spnea. One patient died as the spheres were being 
removed on the tenth day. Another patient died of circulatory failure attributed 
to a reduction in size of the pulmonary vascirlar bed. 

Of the ten late deatlrs which occurred from two months to two j’ears post- 
operatively, four resrrlted from respiratory failure, one from hemorThage from 


Table Y. Cokeected Results ix Fortt-two Cases* 


AGE (YR.) 1 

IMPROVED 1 

UXniPROVED 1 

WORSE 1 

dead 

20-30 

2 

0 

2 

3 

30-40 

3 

1 

6 

3 

40-50 

3 

1 

8 

1 

50-60 

1 

0 

2 

3 

60-70 

1 

0 

2 

0 


10 (23.8%) 

2 (4.7%) 

20 (47.6%,) 

10 (23.8%) _ 

•Eight operative 
ento* of the cavltj- are 

deaths and one 
excluded. 

recovery In which 

no spheres were 

inserted following 
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n wouiitl wliieh liiid opened iis n msnll of (iibereiiloiis infection in tho extn- 
plound Hpneo, ono from a pulninmiry homori-lingo after an operation for removal 
of tho splicrcs, one from I'cspiralory fniluro and progi-cssion of the disease, and 
ono from a eoronarj' occlusion. 

Of tlio flfty-ono eases, fo\irieeu weiy' con.sidored to have definite bilateral 
cardtation while five others wore suspeeiod of having cavities on tJio opposite 
side. Of this group with bilateral cavities, onl}’ four had a bilateral procedure. 
One of these patients was conaidcre<t improved (Case 4), ono died, and the 
other tiro had persistent cavities under the spheres. Bilateral procedure.s were 
not done in the remainder, with the excc|)tion of one case, because of death or 
dyspnea. Ono patient diagnosed by Inminogrnphy ns having bilateral cavities 
had a unilateral procedure only (Ca.s<- 1). The sputum convci'tcd and is re¬ 
ported to have remained negative since operation. 

Hlevcn patients bad bad a pivvioirs thoracoplasty and ono a bilateral 
thoracoplasty. Of tlicse, seven had .spheres inserted imdcr tho thoracoplasty. 
Two of these improved (Cases 1 and 2). Of the five who had spheres inserted 
on tho opposite side, ono improved (Case 101. Five of the twelve patients died 
and two became worse. 

Of tho si:^ patients in whom we thought exlrnplouial pneumonolysis 'vitli 
plombngc was indicated ns tho primary proeediii'c, three improved, one had 
a tuborenlous wound infection, and two died. 

Bronchoscopy was douc on si-v patients Indore operation and ouJj' ono had 
findings suggestive of endobronchial tuberculosis. attempt was made in 
our follow-up study, however, to do bronehuseoin' on all patients who would 
consent. Of the eighteen patients on whom bronchoscopy was carried out, to 
date, trvclvc had ulcerative tuberculous tracheobronchial disease. 

No effort has been made to draw conclusions from vital capacity studies. 
We have found the roeorded figuros to be inconsistent and frequently un- 
rcliablo and have theroforo cxclndcd them from tho study. 

niPROVEO C.\.SKS 

Case 1.—J. B., a •tO-ycar-old wtiito mau, bad a biJatoral tbree-rib thorncoplaaty in 1942, 
foIloTTcd by a rerttion on tho right and remoraJ of Ilirco more ribs in 1044. lie wtu readmitted 
la duiy, 1915, witli positive sputum. Planograms rovcalod bUatcrol cavitation nud biiateml 
tbomcoplnsty. Extrapleural pneumonolysis with plombngc was indicated. An anterior 
procednre «as carried out on llio right wJOc insertion of fifteen spheres. Pespito tho fact 
that captation was present on the loft, n bllatoml proeoduro wns not dono since tho spntnm 
converted after tho first operation. Ho has sinco boon disohargod from the sonatoriora and is 
now working bnt has hail no recent roentgenograms. Tho spntnm is reported to bo consistently 
negative on culture. 

Case 2.—a E.,'a 45-ycnr^)ld wliito man, had n two-slago, sLx-rib thoracoplasty bi 1944. 
Tho cavity remained open. Ho was ndmltfed to Dnto Hospital in 1945 for revision. Clasaifiod 
os: right thomcoplnsty with rosiduni cavity, loft P-A. A revision of the tbomcoplasty was 
indicated. In July, 1945 anterior oxtraplouml pnonmonolyais was porforme<t under tho 
thoracoplasty wifli insertion of atvtcen spheres. Plve months later, becanso of a peraistant 
“rity, tlilrteen nddlllonnl spheres wore inserted through a posterior incision. Subsequent 
roentgenograms did not show a cavity and there was no progression of the disease. The pa- 
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tient had one positive sputum examination in March, 1947, but subsequent cultures were nega¬ 
tive. The patient is now working as handy man in a Chicago hospital. 

Case 3. — ■W. H., a 42-year-old white man, was admitted to Duke Hospital in November, 
1945, with cavitation on the right. Classified as: right F.A. with cavity, left MA A 
thoracoplasty was indicated. Through a posterior thoracoplasty incision the third and- fourth 
ribs were removed, an apicolysis was performed, and an-unknown number of spheres were 
inserted. The first two ribs were left intact in order to prevent deformity of the chest and 
to prevent pressure on the nerves and vessels by the spheres. A second stage was performed 
and the fifth, sixth, and seventh ribs were removed. The sputum was positive on discharge 
from the sanatorium in November, 1947, bnt subsequent specimens were negative on smear 
and culture. Clinically he is doing well. He refuses bronchoscopy. 

Case 4.—^V. K., a 32-year-od white woman, was admitted to Duke Hospital in November, 
1945, with roentgen evidence of bilateral cavitation. She had had one positive gastric washing 
in 1942, but had never had a positive sputum. Classified as: right F.A. with cavity, left 
MwA. with cavity. In this case we should have recommended thoracoplasty on the right with 
extrapleural pneumonolysis later on the left with paraffin or oil plombage. She had bilateral 
anterior procedures with the insertion of fifteen spheres on each side. Discharged from the 
sanatorium one year ago, she is now beginning to work. Bronchoscopy in February, 1948, 
revealed no endobronchial tuberculosis. Sputum has never been positive. Eocntgenograras 
showed no progression. 

Case 5.— 'K. Y., a 61-year-old white woman, was admitted to Duke Hospital on Dec. 20, 

1945, with cavitation in the right apex. Classified as: right F.A. with cavitation, left M.A 
A thoracoplasty was indicated. An anterior procedure on the right was carried out with in¬ 
sertion of twenty-seven spheres. She improved clinically but is slightly dyspneio and con¬ 
tinues to have a moderately productive cough. Single sputum specimens on two occasions 
were negative on culture. 

Case 6.—M. E., a 21-year-old white man, was admitted to Duke Hospital in February, 

1946. Roentgenograms revealed cavitation in the right apex. Classified ns: right M.A. with 
cavity, left M.A A thoracoplasty was indicated. An anterior approach was done with in¬ 
sertion of forty-nine spheres. Subsequent roentgenograms showed no progression of the dis¬ 
ease; there was no evident cavity. Sputum examinations have been consistently negative. 
The patient is now working and asymptomatic. 

C.ASE 7.—C. P., a 21-j^ear-old white woman, was admitted to Duke Hospital in February, 
1946, for surgical collapse of a persistent cavity in the left apex. Classified as: right M.A., 
left F.A ^vith cavity. A thoracoplasty was indicated. An anterior procedure was done on 
the left with insertion of thirty-three spheres. She developed tuberculous meningitis eight 
months postoperatively, but gradually recovered ivith the aid of streptomycin. She is still.on 
strict bed rest, but the sputum has been repeatedly negative on culture and symptomatically 
she is improved. 

Case 8.—E. M., a 42-year-old white woman, was admitted to Duke Hospital in Feb¬ 
ruary, 1946. Roentgenograms revealed a cavity with a fluid level in the right apex. Classified 
as: right F.A. with cavitation, left M.A. A thoracoplasty was indicated. -An anterior pro¬ 
cedure was performed, but the number of spheres inserted was not recorded. Sputum re¬ 
mained negative on smear and concentrate since discharge from the sanatorium one year ago 
and is now asymptomatic and doing regular housework. 

Case 9.—E. D., a 5S-year-old white woman, was admitted to Duke Hospital in February, 
1946, with cavitation on the right. Classified as: right FA., mth cavity; left clear. A 
thoracoplasty was indicated. .An anterior procedure was performed with the insertion of 
forty-two spheres. FoUow-up was done at the Florence-DarRngton Sanatorium, Florence, 
S. C., and the patient is reported as "clinically well and sputum negative.” 
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Case 10. P. n Ol-ycur-oM whitt* ituiii, Jiad a two-stnpo thoracoplnsty on tho lett 
in lfl-13, followed hy un nntcrior Ptnfic in 1915. llocntgcno;;nini3 on ndrai-f«ion nt Btilto Hospi- 
tnl In ilny, 1940, rorenlcd a envity in tlio right apex. Classified ns: right mtli cavity, 
left thomcoplftsrr. rinnafpimm wvralcd no evident cnrlfnfbn ou the left. Extrapleural 
pnoumooolysia with plomlmge \\t\b indicatc<I. An anterior procedure was done on tho right; 
sevcDty-two spheres wore insertc<l. Ho Iind somo dyspnea after operation. Plnnognimfl in 
Ih'cctubor, 1D47, rcvcalod no evident cavitation. Sputum u-ns negntiro on culture. Tho pa* 
tient U now at homo on limited exercise. He refuses bronchoseopv. 

COMMENT 

Extfnplcural pncunioiiolysis M’itli plonibflgo is a desirable operation because 
it can be done in one stage, it is technieaHy en.sx’ in tlic majority oi cases, the 
patient.s tolerate it ivell, ()tero is /lo deformity of the chest, tlic function of good 
lung tissue i.s innintnincd, and tlic hospital slay is short. 

It in not Huvprising, therefore, that repented attempts have been made to 
find the ideal material for insertion in the extrapleural space to maintain pul¬ 
monary collapse. It-is not surprising also (hat tlieso attempts have failed it- 
pnrdless of tho type of material used, largely because of tho susceptibility of 
the extrapleural space to iufcelion; hut of the many snlistanecs employed for 
this purpose, air,* oil, and parnfltn^ have heen the most successful; their use, 
houTver, is Jimitwl to highly selected cose.s in tvhich tliorncoplnsty is not in¬ 
dicated. Experimental studios at fii-st soenietl to indicate that Luche spheres 
approached the ideal plomhagc substance because of their case of introduction 
and their inertness in the Iwdy, but clinical trial has failed to sulrttautiatc the 
early promise of tlio operation. 

Attention has been callc<l in a lUTvioiis ropoil^ to tho dense hyaline tissue 
which forms around the spheres in the experimental animal. We found this to 
ho true also in t)n*cc clinical eases without jircoporativo c\idcnco of infeetion in 
which wo olectivcl.r removed or attempted to remove tJic splicrcs from the extra¬ 
pleural space. .Since Liicitc has been shown to bo nii inert material in tlio body 
the probable explanation for this plicnomeiioii lies in tho spherical shape of the 
plastic material wliich allows sufRcicnl space between tlm spheres for serum to 
, accumulate, clot, and organize. Once this dense hyaline mass has formed it is 
vorj* diflicnlt to remove the sj)heres it encases unless infection and liquefaction 
of tlic snri*onnding tissue occur. Jicmoval of the spheres post mortem in one 
case required a mallet and chisel. It appears, tliorcforc, that Lucito ploinbagc 
in some cases iniist bo a definitive proecdurc. If it is not siiccossfiil in a given 
case, frequently no other procedure, such ns thoracoplasty or resection, is 
feasible since tho success of such nii operation is dependent upon removal of 
the spheres. 

Early resvilta of the operation of Lucile plombage as performed at Duke 
Hospital* Were encouraging but Wilson was enroful to call attention to the fact 
that '*too few eases had been completed ffiiid that too short a period of time had 
elapsed since operation to evaluate tho results of this forxu of collapse therapy. 
The late results presented in our report emphasize tlie cogenc>’ of this waniing 
when dealing with such a disease as tuberculosis. 
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Although our late results do not justify the continued use of Lucite spheres 
in the extrapleui’al space, it is possible that subsequent reports from other in¬ 
stitutions may show that Lucite has, like paraffin and oil, a limited useful¬ 
ness as a plombage material. 

SUAIIMARY AND CONCLUSIONS 

1. Piftj’^-one eases unth operation a minimum of one year and sis months 
to two years and ten months prior to this report have been presented in which 
extrapleural pneumonolysis Avith Lucite plombage was attempted or carried 
out. Ten patients (19.6 per cent) improved, three (5.8 per cent) did not im¬ 
prove, twenty (39.2 per cent) became worse, and eighteen (35.3 per cent) died. 

2. Lucite plombage in some eases must be a definitive procedure, for once 
the spheres are inserted they are, in our experience, extremely difficult to re¬ 
move unless the surrounding tissue is liquefied by infection. 

3. The late results of the operation as performed at Duke Hospital do not 
justify continuation of the procedure. 
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BXl’13I?rMBNTAlj iVND CBIA'ICAL STUDY" OK CODLAPSE THERAPY" 
USING PIBERGEAS WOOD AND FABRIC 

Thomas J. E. O’NeiMj, 51. D.,* Hkctok P. Rmondo R-uuhez, 5I.D, (bv 
lATATTATiox), .\ND RonroT G. Tbout, 5I.D. (by iatvitation) 
Pnit..\DKr.i-inA, Pa. 

C OLL.i\PSE tlicnipy is n wll-cslalilislied inclliod ot trcntnicut in pulmonary 
tuberculosis. Tlic simplest and most cdeclivc tj^po o£ collapse therapy is 
artificial pnoumotborax. I^ar from eoniplelc .snccc.ss is attained because of tbc 
high incidence of pleural adliesion.s. Even nlieu tliey arc complctel.v severed by 
pneumonolysis, the lung may exhibit a Icndcney toward le-cxpnnsion. This 
is often initiated by the attendant pleiind reaction wbieb incites an obliterative 
process. 

A selective type of collapse woubi seem to be the ideal, whereby only the 
dLsensed portion of the lung is collapsed. The imdiscnsod irortions arc allorved 
to remain expanded in order most cfTIcientl.v to carry on the functions of 
respiration. 

True selective collnpso is scon to oeeiir in only a small pcieentngo of eases 
and, nt that, it is certainly not at tbc deliberate design of the pneumotberapist, 
but rather by virtue of the relative physiologic rclatiouships existing between 
the several IoIkh. Selective collapse nia.v be considered ns occuiring when the 
diseased lol>o is in a state of ])oriphornl atelectasis (associated with a relative 
bronchial hn’Otension), whei'cas, the remaining lung ti.ssue c-xhibits n marked 
tendency to remain inflated. 

IVlieu this selective condition does not prevail, collapse of the diseased 
areas also involves collnp.so of a ]mrt or all of the imdiscasod areas and thereby 
denies the patient a sizable portion of good rc.spiratoiy tissue. Efforts to pro¬ 
duce deliberato selective collapse have been made. Thoiacoplasty has been used 
extensively with n considerable degree of safety, but this nlwa.vs results in a 
severe degree of physical deformity and the end results arc not too gratifying. 

Extrapleural pncumonolysi.s has been etficiont ui bringing about good 
anatomic selective collnp.so, but this jiroccduro has been handienp])cd by a high 
incidence of si)uco infection n.s well as some tendency toward le-oxpansion too 
early. Attempts to combat tlicsc complications have resulted in the intro¬ 
duction of a variety of Bpacc-filling agents in tbc Imlicf that an obliterated space 
would bo unfavorable for the develojunent of infection.' Air, saline, oil, paraffin, 
body tissues, plain gauze, methyl methacrylate (Ducite), and others have Ijeen 
tised.’’ ‘ Most of these agents are capable of mnintnuiing the accomplished 
collapse, but each ha.s domonslraled certain undesirable features which arc 
invariably related to tlie physical, cbemieal, or physiologic properties of the 
agents used. In short, because of heaviness they produce pressure necrosis, 

„ Read at tho Tu'cnty-Dlphth Annual Mootlnp of Tbo American AMocIatlon for Thoracic 
onrtepy, Qoebw, Canada, ilay 31, Juno 3, 5. 3948. 

•Prom the Divlilon of Thoracic Sureor>V Halinomann Medical Colloc© and Hoapltal. ^ 
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soft agents tend to become liquefied, those that are unyielding result in penetra¬ 
tion into lung parenchyma, irritating agents give rise to infection, and, as in 
the case of body tissues, these are too difficult to mobilize in sufScient enongh 
quantities to be of value. 

In the search for more suitable materials, two Filierglas® products have 
been examined. One is a Fiberglas wool product grossly resembling raw cotton. 
The other is a woven fabric made from Fiberglas. 

This is a material which is inorganic, nonallergenic, pliable, nonhygroscopic, 
noncombustible, and is light in weight, one cubic foot weighing 0.3 to O.o 
pound.! 

In an attempt to evaluate the ability of animal tissues to tolerate these 
mateinals as foreign bodies over a period of time, two series of experiments were 
undertaken. 

In one, Fiberglas wool was placed in the extrapleural space of each subject 
in a series of fifteen dogs. The dogs were subsequently sacrificed and specimens 
were taken from the implanted areas. The duration in time of these implanta¬ 
tions ranged from one week to eight months. On gross examination, adhesions 
were usually noted occurring between the parietal and visceral pleura im¬ 
mediately adjacent to the implanted Fiberglas. Fifty per cent showed moderate 
to occasionally severe giant-ceU foreign body reaction, and aU showed either 
tluckened pleura or fibrinous deposition, indicating considerable tissue reaction 
encountered in the use of raw Fiberglas wool. 

The second group of experiments was carried out on fourteen dogs, in which 
Fiberglas fabric was applied directly to the intact pleural surfaces in the fom 
of a bag to encompass a single lobe. First, the selected lobe was encouraged 
to become atelectatic, then, a sheet of Fiberglas fabric was fashioned about the 
lobe so as completely to contain it and prevent its re-expansion. Compression 
of the hilar structures was avoided. The dogs were sacrificed at intervals and 
specimens were obtained at V 2 > 1> 4, 5, and 6 months. Upon gross examination, 
the Fiberglas covering was found in place, undisturbed, showing no adlierence 
to the parietal pleura. The clotli was held in close apposition to the Aosceral 
pleura bj”^ an adherence which was very fine and permitted extreme ease m re¬ 
moval by peeling, leaving a clean, shiny pleural surface, even at 6 montlis. In 
five unselected cases, efforts at re-expansion of these lobes were immediately 
successful by applying positive pressure through the dog’s endotracheal tube. 
On microscopic sectioning of the remaining nine of these lobes, there was seen 
in all cases an excellent atelectasis with patent hronchi. It was usual to see a 
minimal mononuclear infiltration and a very mild pleural reaction. The 
absence of fibrosis in even the oldest specimens is indicative of a reveraible 
condition. 

•Fiberglas: T. M. Reg. U. S. Pat. Off. OOP Corp. 

tThe Fiberglas superBne wool Is composed of glass fibers random-oriented 
Fiber diameter averages .00006 Inch. The fabric, kno'OTi as “116 cloth,” Is .004 thlcK a 
Is of balanced Fiberglas 450-% yarns, 60 ends per Inch In warp and 58 per Inch In me u • 
Each strand Is formed of approximately 200 Individual filaments. The average fiiani 
diameter is approximately .00022 Inch. 
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Ijfltc jiostopcrntivo x-itiy studios wci*c iiifldc on Aa'c dogs mid showed good 
collnpso of llic trented Jobes nnd uorniftt x-rai'’ appcArniico of tJic Dutrejitcd Jobes. 

Compomble proecdunis were enrriiHl out on a series of patients in order to 
nehiovc selective collapse. 


CASK l{n*01tT3 

C-\8E 1.—X. a 20-ycnr-ol(l witito worotin, irna nJniittcd May 13, 1948, T\ith n liiatory 

of knouTi pulmonary tuborculosis Biuoo Juno, 1913. Pncnmotlinmx \mi 3 instituted on the 
loft nt that time nnd tlic patient l>ccnnie s\inptoni-froc until SoptcmlxJr, 1947, at trLich time 
X'fny sIioTved dovolopmont of tuhcrculons involrement in the right upper ]ol>e. Bed rest was 
instituted and the lesion beonino more e.ticasivo; n cough derolopcd during the post six ireoks. 
Physical examination rcvcalotl a thin, 85 pound, uhito woman in no distress and presenting 
findings of pneumothorax oa the loft, (liest roentgenogram dcmonslmted the loft partial 
paoiunothorax and also tuberculous fii/iltration of tho right upper loho ^rifh the presence 
of a central anm of cavitation. On May 11. 191^, througli the fifth rib l)ed nn open pnen- 
moaoh-sis with l-llxjrglria covering was done. The patient made a mpid postopemtivo re¬ 
covery, and smears on three oecnsions for ncid-f:i<»i haeilll aero negative. 

C.vflE 2.—J. D., a 28-\‘ear-ohl white nmn, wuh admitted Oof. 13, 1P47, a diagnosis of 
pulmonary tuborculoris Imving been made in llilJ. Tho patient received right pneumothorax 
In 1940 and this was shortly discoutium'd as inofTeetnaL Examination revealed a fairly 
well-developed and wclbuourishoil young man in no diurro-*. There were absence of breath 
sounds below tho fourth rib on tho right, and rropunnt rAh*s were heard in tho area of the 
senpnla. .X-ray showed infiltmtion with ‘*uvitaiion m right upper lolx*, nnd free fluid in tho 
right base. On Oct. 22, 1947, an open pnoumoDoly-.i< was done through the right fifth rib bed 
and tho upper IoIh) wns eneompnssol In Fil>ergIo> fabric. The patient made n mpid post- 
operatiro recovery and tlic sputum was convrrte»l to negwtive. 

Case 8.—IT, If., a 34*year-old white man, wm odniittotl Fob. 20, 1948, Imving been ill 
since 1943; a diagnosis of pulmonary tuberculosis had been established in 1047. Pnenmo- 
peritonoum was instituted in Februnry, 1947, bei.tiose attempts at pneumothorax were un- 
sdcterafnb Tho patient had 33 horaoptysos in early 1948 nnd was admitted in that stato. 
Examination revealed a tliin, pale, young, white mnn in no great distress. There were rnles 
over both anterior npiccs and left posterior upper lung fields and a friction rub was heard 
over tho latter. X-ray showed pneumoperitonoom ond dense infiltration in the loft upper 
lobe with several cavities in evidence. On Feb. 27, 1948, nn open pneuroonolyais was done. 
Tho upper lobe resisted satisfactory collnpso boenuso of tho enseons pneumonic infiltrative 
process resident in tlio parcncliyma. CoTlapso of the lobe was about 60 per cent, nevertheless 
the lobe was wrapped with Fiborgns fabric and tho remaining two lobes wore allowed to 
rO‘€xpand to fill the residual space. Tho patient made a rapid immediate postoperative 
recovery, had no recurrence of hcmoptyscs, and gained ten pounds in weight in tho following 
three months. Tho sputum, however, continued positive. This typo of patient represents 
a poor choice for any tvpc of collapse therapy, nnd should rather have l>cen allowed resection 
of the lobe. 


Gabe 4.— W. n 30-year-old white mnn, wns^ndraitted Jan. 15, 1947, having had a 

diagnosis of pnlmonary tuberculosis four yoirs prior to admission. Pneumothorax had 
been unsuccessfully attempted on tho right. Physical examination revealed a fairly \roll- 
developod and nourishod white man in no distress. X-ray revealed infiltration in the right 
upper lobe with cavitation, nnd also a dense Infiltration in tho left hilar region. On .Tan. 
17, 1947, a right extrapleural plombage was done by first lining the extrapleural space 
irith Piberglas fabric and then filling tho resultant fabric sac with Bberglas wooL This 
modification over the animal experimentation was done to protect the surrounding 
tissues from the irritation found to ho caused by the raw or uncovered Piberglas wool 
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Tile patient made a rapid postoperative recovery and, attliougli tlie sputum is still posi¬ 
tive, the GatEky count is lower and there is seen on x-ray- considerable clearing of the 
contralateral disease. The patient is asjrnptonialie. 

Case 5.— J. P., a 31-year-old white man, was ndniitted on Oct. 24, 1947, for check-up 
relating to a marked increase in dyspnea and the increasing tendency to turn a bine color 
with exertion. Past history revealed tliat he had been a '■'sick baby” at birth, and that he 
had always been troubled with shortness of breath since he could remember. In recent months 
he had noted sweUing of the ankles when doing limited light work. Physical e.xamination 
showed a well-nourished and developed young man in no distress when resting. TJiere inis a 
marked blue cyanosis of the lips, tongue, and nail beds. There were no rales heard in the 
chest. The heart was enlarged and there was a systolic thrUI over the entire precordium. 
There was a loud, grade 4, sj’stolic murmur present. Eespiratory function tests, angio¬ 
cardiography, and routine x-rays strongly intimated the diagnosis of (1) pubnoiinry taber- 
euloais, bilateral upper lobe, and (2) aplasia of the right ventricle, associated ■with hypo¬ 
plasia of the pulmonary artery, and double superior vena cava. Therefore, reasoning that 
a single stage operation should be sufficient to afford major relief for both the pulmonary 
disease and also the cardiovascular anomaly, on Dec. 19, 1947, an open pneumonolysis ttes 
done through the fifth rib on the right and a Blalock operation was done, anastomosiog 
the right subclavian artery to tbe hypoplastic right pulmonary artery. The patient's im¬ 
mediate postoperative course was excellent. Coughing, straining, or walking no longer pro¬ 
duced the extreme blue cyanosis—it was no longer present. However, due to bronchial hyper¬ 
tension, associated now ■with pulmonary arterial hypertension, it very soon become impossible 
to keep the upper lobe collapsed as was intended at the time of operation in order to control 
the pulmonary disease on the worse side. Therefore, on Jan. 16, 1948, an extrapleural 
pnenmonolysis was accomplished, the space liaed with Piberglas fabric to protect the sur¬ 
rounding tissues, the sac filled with Piberglas wool, and the wound closed in the nsnal man¬ 
ner with good healing. The sputum remained positive, not snrprising in view of the acti're 
disease in the contralateral side. The patient was referred to a local sanatorium for a regimen 
of medical therapy. ' 

Case 6.—M. TV., a 45-year-old white woman, was admitted on March 13, 1948, knoam 
to have had pulmonary tuberculosis since 1945. The patient had been on routine sanatorium 
care and because of the extent and nature of the lesions, intrapleural pneumothorax was 
judged as impossible, and she was admitted for surgical treatment. On examination there 
was seen a well-developed, obese (188 pounds), middle-aged woman, looking much older than 
her stated years, but in no distress. X-ray showed bilateral upper lobe chronic fibroid tuber¬ 
culosis -with multiple cavitation bilaterally, more e.xtensive on the right. There were per¬ 
sistent rSles heard over the left upper lung fields. On March 19, 1948, an extrapleural 
pnenmonolysis was done through the right fourth rib and the space lined with Piberglas fabric 
and then filled vritli Piberglas wool, as was done in the previous cases. Table I shows the 
pulmonary function studies before and after this operation. The patient made an unevent¬ 
ful recovery, except that there was noted a too great collapse of the limg due to overfilling of 
tho space. Thus, on April 9, 1948, the old scar was incised down to the neck of the Piberglas 


Table I. M. IP., 45 WF 


Actual vital capacity 
Respiratory rate (per min.) 
Tidal air (liters) 

Resting minute ventilation 
Maximal breathing capacity 
Omsteen factor 
Oxygen rebreathing bag 
Carbon dioxide rebreathing bag 


ABJnSSION 

APRIL 8, 1948 

2,550.0 c.c. 


11.0 

13.0 

0.009 

0.490 

6.7 

6.3 

43.2 

45.9 

6.4 

7.2 

10.5 


5.0 
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snp, tlin wip. w-nn oppncil, nml uIk)uI oiic-Iiiiir oC tho prcnoiisly hiJicrfcHl plnw xrool wns rth 
inowl. At flip Piinip tinio. u fir»‘t j^tnpp tJuunropInsty with roniovnl of Iho flrat iind jtocond 
ril)S ^vnR vnrritMl ont on llip lofL (rnnlrnliitpnil) aide. TJio [mtipiit nmdu nti unpvcntfal rp* 
rovery, ao, on April 1U4S, tho Hiomeoplasty n-«« eoiiipleted ndtli iJic romova} of the third, 
fourth, nnd fifth riM. AriiIo, ro-orory \rn« uiH-omplipateil nnd Tnlilc I plvon tho pulmonury 
function fipurpJ». Tho pnlicnt ahowod no mnn* dj-apneji nt diRchnrRO than slio did on ndniia- 
jion. Tlio sputiini amir cou\*crttMl to iipf,'ativi*. 

CAfT>: 7.—J. G., n OS-.A-onr-old nmn, nns ndmitlcil .Vpril 0, 19-lH, datinf? his illnoRR from 
1937. A diapnoals of pidmoimry tul>crcu!osia had been estaldiahod in 1038. I^cuiuothonuc 
waa institutoil on llio Jpfl. In lOJl a aix-rlb fjioracopl.isty hnd bt.'en done. Ho nns nrlndtte<l 
for aurRlcal treatmenf of a rcncth-ntcd Icalon in (ho loft upper lobe. Examination revealed 
a wcU-dcvoloped nnd nouriahcvl young nmn in no dlatrcaa. There was evidence of a right 
thoracoplasty wltli a AAoll-controlletl unjerl^int; lung lesion. There wero perristent rfiles 
heard through tho left up|>or lung fields. X my sho\vc<l a right thorncoplnsty Avith no evi¬ 
dence of tuberculous nativity, Tlio loft luJig field shoAved evidence of a thickcncnl pleura 
vrith tuberculous infiltration In tho upper IoIm\ On April 17, 1048, on extrapleural pneu- 
monolyais Avas done on tho loft. Tiio space amlh lined with Fiberglns fabric nnd tho sne filled 
Avitli Plbcrglas wool, in tho same manner ns the pnveding coacs. Tho patient mndo an un¬ 
complicated and rapid n'covcry, and It is too early to ovnluato Iho sputum conversion. 

Case 8.—T. C., a 59*year-old wliite man, aaos admitlc^l ftipt. 1947, Ids third admis¬ 
sion. A diagnosis of jtulmonnry htbcrvulosls had Kvn made in 1038. In Novombor, 1046, 
a thoracoplasty had been douo on tho right side. This Avas unsatisfactory so in February, 
1947, a revision Avna done Avlth tho introduction of raw P)i*erglns avooI into tho extmplcaral 
space in tho hopo of gaining a Ix'ttcr collapse. Ir ir noteworthy that this is tho only case in 
Arhlch tho Fibcrglos avooI was not covered A\itli FilMwglns fabric to protect tho tissues, 8oon 
there developed a draining and infected sinus in the ^evi^inn scar. In tho meantime, several 
attempts at pncomoUiorax on tho left Avero made without hucccss. Diysicol oxamination re* 
voaled an emaciated Avliito man in no aculo distrcKR. Tlicu* was bronchial breathing in tJie 
left middle lung fields. Tlio right posterior tliomx shorn''! a well-hcnlod thoracoplasty re¬ 
vision scar with a small draining sinus. X-ray mealed a right thoracoplasty witli no ap¬ 
parent acth-o dJseoto in tho right lower lobe. There were mottled donsitlofl in the loft upper 
lobe Buggostivo of cavitation. Oa Sept. 2», 1947, tho sinus tract amis excised along Avith 
tho previously deposited raw FilKjrglas wool, Avhich AAna now iu the form of a flhrofatty tissue 
mass measuring 20 by 10 by 2.G rnu On microM-opir siKtion there was sceu extreme fibrosis 
Avith many foreign body giant cells, which contained colorless fibrils. Tho Avound healed per 
primam nnd tlio pntlcnt attu discharge*! to snimforium care. 

Case D.—H. L, a 34-y«\r-old white man, was admitted April 1, 1947, pulmonary tuber- 
culoiis having been diagnosotl in 1045. Pnouraotliornx was nttompttyl Avithout success on the 
right Examination roA-cnlod a wcll-developM find nourished man in no distress. Tlioro Avere 
rWei in tho rigiit upper lung fields. On April 2, 1047, an oxtrapleuml pnmimonol^-sis avos 
dono on tlio right and tho space Avas linml Avlth Fiberglns fabric; this sne Avaa flUod with 
Flberglas avooI. Tho patient made a rapid recovery and tho sputum was conA-ertod to negative 
and has so ronmlnod to tho present. 

Oaee 10.—It. 8., n fortj'-ihrco-year-old white Avomnn, Avas ndmittcil Slay 12, 1948, for 
■nrgical treatment of bilateral pulmonary tnborcnlosis, 1 uioa\ti ns present sinco 1928. The 
patient had been treated in a nuiulwr of institutions, experiencing many remiFsions and ex¬ 
acerbations. Bilateral pnonroothornx, right pbronomphrniis, and pneumoperitonetun Avore all 
abandoned ns nnsncccssfuL On ph.A-slcnl cxnmlnation, tho patient amis avoII developed nnd 
nonrishod and presented rfiles over both upper long fields Avith percussion dullness in the 
Mtromo apices, Cliest roentgenograms shoAved upper lobo involvement Avith suggestion of 
hUateral cavitation. On hloy 29, 1048, extrnplonnil pnoumonolysls Avns dono on the loft, Avith 
instfllation of Fibcrglos fabric lining pnckc<l Adth Fiberglns ayooI in the usual manner. Tho 
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postoperative course was uneventful. It was contemplated to do the opposite side within a 
two-week period. 

TECHNIQUE 

For both types of operations the patients are given a general anesthetic 
using the endotracheal tube and placed in the lateral horizontal position. A 
curved peinscapular incision is made and carried through the superficial back 
muscles to expose the costal cage. With the scapula translated superoanteriorly, 
a section of the fourth or fifth rib is removed. When the use of Piberglas cloth 
wrapping is intended, the pleura is opened and an intrapleural open pceu- 
monolysis is done. The lobe is rendered atelectatic and a sufficient amount of 
cloth is cut to allow complete investment of the collapsed lobe. The fi'ee edge or 
periphery is infolded and sutured around the circumference of the lobar hilitm 
with interrupted No. 40 cotton. TJiis is accomplished in a gatheifing manner 
so as to pro\dde a snug but not tightly constricting covering. 

When the use of plombage is desired, an extrapleural stripping is earaed 
out in the standard manner. Then, the space so created is completely lined with 
one layer of Piberglas fabric ivith the neck of the elotli sac presenting at the 
wound. This sac is then filled without resorting to tight packing and the neck of 
the sac is sutured shut. In both operations a drainage tube is left in place with 
suction for tAventy-fonr to forty-eight honi-s to prevent aceumidation of fluid 
incident to the operative trauma. The patients have all been ambulatoiy with¬ 
in twelve to twenty-four hours, restricted only by tlie limits of the tubing. 

niscussiON 

The indications for these procedures wmuld seem to he tlie same as for any 
type of lesion in which one would expect favorable response to permanent col¬ 
lapse therapy of a selective nature. The problem of overdistention of the tuun- 
volved lung tissue might give concern in the use of the Piberglas wrapping. This 
concern, however, should not be any greater than that appi-eeiated in the nor¬ 
mally occurring sequence of pathologic changes seen when lesions of any type 
heal. This healing is attended by fibrosis and sometimes extensive contraction 
w'hich always lays open the contiguous normal lung tissue to compensatoiy 
emphysematous changes. 

It is too early to eimluate the proper placement of these procedures in the 
treatment of tuberculosis. Other techniques have made their entrj'' slioiving 
good promise, only to fail due to certain inherent faults, which in the course of 
time precipitated late complications. Caution is therefore advocated in the use 
of these procedures until more evidence is at hand concerning the limits of use¬ 
fulness and the development of possible complications. Encouragement is 
gained from the early results and it is hoped that a continuing favorable follow¬ 
up will justify extension of this project, 

SUMMARY 

Bxperimental studies wmre imdertaken using a combined series, of tw’enty- 
nine dogs in which two procedures were done. In one, extrapleural Piberglas 
raw wool packing was affected. This resulted in tissue reaction which was 
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regarded ns ousntisfnctory. In the second scries, Fil)crglus faljric was used 
intrnplcumlly to iuA'cst a selected lobe. Tiiis Avas found satisfactoiy in so 
far ns excellent selective atelectasis avus ncconiiAlisiicd, and also that the im¬ 
plantation of this material occasioned only a minimal tissue reaction. The ease 
histories of ten patients ivcrc rcriowed. In three, the upper lobes were Avrapped 
in Fiberglas fabric to accomplish selective collapse. Seven had extrapleural 
pnemnonolysis and filling of the ci'caled space nith Fiberglas vrooL One of 
these had the roAv avooI alone placed in the space and this resulted in the same 
kind of tisstm reaction ns seen in the dogs in Avhich there Avns considerable 
foreign body response, and this ijccanic infected and had to bo rcnioA'ed. The 
remaining si.v had the spaces flist lined Avitli Fiberglas fabric which Avas shoAvn 
in the dogs to be pmoticnlly nonreactivc, ami then the lined space. Avns filled 
AAith the raAv Fiberglas aa'ooI. \o infection.s resulted in these and the collapse Avas 
regarded ns sntisfnctorii-. 

Wo to cxprefli our thankn to Iho (>won« (’ornlnp Fiborglow Corporation, for tbeir 
aPHistanco, and to Dr. G. F. Froio for bis work <iu tbo pntliologic fltudicfi. Wc are nlao 
indebted to Dr. Jlartln Entino wbo fir^t «uggc.''to(l the uw of Filierglns ns a prosthetic 
agent. 
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DISCUSSION ON *^TilK CLINICAI. USE OF A PKOSTlItaiS TO FKEX’ENT OVFJtDISTJiNnON OF 
THE REMAININQ LUNG FOLLOSHNC PNEU-MONCrTOlIV ” DV DR. JULLVN JOHNSON, 

DR. CHARLES K. KIRDV, DR, C. S. L.\Z-\T1N*, AND DR. J. A. COCKE* J “aN EVALU¬ 
ATION OP extrapleural PNF.UilONOLYSIS WITH LUCITE PLOMBAOE,” 

BY DR. JOSIAII C. TRENT, DR. JAMti^ D. MOODY, AND DR. JOSFd’H S. 

HIATT, JR.t; AND “EXPERIMENT-VL AND CLINICAL STUDY OF 
COLL.vrSE THERAPY USiXd rinEnOL.\S WOOL AND FABRIC** 

BY DR. THOMAS J. E. 0*NEILL, DR. HECTOR P. RFJXIN- 
DO RAMIREZ, AND DK. ROBERT G. TROXrT 

DI{. william’IL RIENnOFF, JB., Bnltimoro.—I have onjoyod the papers very 
much indeed, but there nro two points I would like to comment cm. In tho first place, I 
think tho term '^compensatory emphyrema^' is an Iniippropriato ono and used rather loosely. 
Emphysenin Is a pathologic condition which donotos fragility of tho elastic tissue in tho 
ol?eolar septa, together uitli rupture of ah-colnr ^mJla and confloenco of aJveoIL This is not 
a componsator}' mechanism but a pathologic change. ^Vhat is meant, and the correct term 
®ccnis to mo to be used, is "compensatory dilatation^’ of tlio remaining lung following total 
pneumonectomy. In '1935jt I believe, in conjunction with Heuer and Reichert, a series of 
experiments were performed to prove what happened to tho remaining lung following total 
pneumonectomy in tho dog. This experimental work showTd conclusively that the remaining 
long undergoes a conipensatorj' dilatation folIo^^ing removal of one lung which dilatation is 
^nflned to the doflnltivo rospimtory unit, composed of tho ductus alvoolaris, atria, and 
alveoli, there being no changes In tho main bronchi and not the slightest evidence of the 
^thologic condition emphysema, as just defined. 

•Bee paeo Iti for nrtldo by Johnson, KJrby. Lusatin, and Cocke, 
tSee pace 178 for article by Trent Moody, and HIntL 

tRlenhott, AVUllam P Jr. nelchort F'red and Heuor, Oeorce J.: Bull. Johns Hop- 
Kins Hosp. S7: 37*-3SS. 19J5. 
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In various autopsies, including tlie first case done at the Jolins Hopkins Hospital by 
me in 1933 for fibrosarcoma of the lung (the patient drowned five years following operation), 
and in another instance, a woman of 70, who died six months after operation due to cerebral 
metastases, section of the lung at autopsy sliowed no evidence whatsoever of emphysema, 
but established unquestionably the compensatory dilatation that was foimd to exist experi¬ 
mentally. Also, there has never been any evidence of right ventricular^ hypertrophy following 
total pneumonectomy. Therefore, I think the term “ compensatory emphysema ” should not 
be used, but instead, ‘ ‘ compensatory dilatation. ’ ’ 

The second point that interested me particularly in Dr. Johnson’s remarks was the 
fact that Lucite balls were used to obliterate the thoracic cavity following total pneumonec¬ 
tomy for malignant tumors. It is my opinion tliat compensatory dilatation of the remaining 
lung following removal of one lung for malignant tumor should not be prevented, therefore, 
the use of plombage is contraindicated. This may not, and probably does not, apply to total 
pneumonectpmy for tuberculosis, because dilatation of the remaining lung might lead to a 
tendency to spread of the disease in that remaining lung. However, that is not true of com¬ 
pensatory dilatation in the remaining lung following total pneumonectomy for nonspecific 
infections such ns diffuse broncliiectasis or infected multilocular cysts. In a series of more 
than 200 cases of total pneumonectomy, mainly for malignant tumor, but also for inflammatoiy 
conditions, we have not found it necessary to use any form of intrathoracic plombage and 
have felt that the reason our patients have had a minimal amount of impaired cardiorespira¬ 
tory function is that there was a maximum opportunity for the remaining limg to undergo 
compensatory dilatation. The follow-up stud}- at the present time is being continued and 
wiU be reported at a later date. 

The very fact that after operation patients having a total pneumonectomy for one reason 
or other are somewhat short of breath even though in an oxygen tent, but later are able to 
breatlie perfectly weU and not only perform their vocations but as well their avocations, 
would seem to indicate that compensatory dilatation is physiologically very helpful rather 
than harmful. Therefore, any method employed to discourage or impair this compensatory 
dilatation, it seems to me, would have a deleterious effect upon the patient. 

DB. H. E. DECKER, Pittsburgh.—I enjoyed these papers very mueli. I have had no 
experience with the new products used as packs after extrapleural pneumonolysis but I haro 
had some experience with paraffin pack, a rather small series to be sure, but intere.sting to 
me because I was able to trace the cases through a period of from eight to fifteen years. In 
a group of 16 eases in which I used parafiin pack, for apical cavitation and bilateral tuber¬ 
culosis, there are 3 patients surviving now for periods of eight, thirteen, and fifteen years, and 
apparently perfectly well. I will show later the slides of these cases and discuss them a little 
more fully. I have a feeling from hearing the paper by Dr. Trent and his co-workers that 
they have discarded Lucite as the medium for holding the extrapleural pneumonolysis down. 
I am sure the figures published through the literature with reference to paraffin pack are bet¬ 
ter. The difficulty, however, is this: Alm ost all figures tliat one reads in the literature cover 
a foOow-up period of not more than five years. Most of them are just for immediate post¬ 
operative periods or less than three years. I am sure, therefore, that the figures us published 
will deteriorate as time goes on. It is so in my own small series. Eor instance, the series of 
16 patients, in whicli the pack was used for tuberculosis, shows only 3 known to bo living and 
well. Eleven are known to be dead over a period of from one to four years following the use 
of the pack. The cause of death mainly is progressive tuberculosis. 

I would like to show two or three slides of these patients wiio are surviving today after 
the use of the pack. 

(Slide 1.) The patient was not in very' good physical condition and we suggested this 
procedure. This is the picture taken immediately after the operation.* 

(Slide 2.) The man was admitted to mj' care following persistent hemorrhage in 19^' 
It seemed that the paraffin packing might be sufficient to stop the hemorrhage, and it did- 

*Tlie second .slide sliows tlie pack after eiglit years, tiie apical cavity closed. The patient 
Is clinically well of tuberculosis. 
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This imticnt ^vna dipchar^'oil in 3i>37 ft5 In-inj; «-oll. Tliin picture taken two uiontUfl ago. 
Ho worked four venra tn Czeelio:<lovakin. «iii hitt fnmi nnd (hen na n prif-oner in n Genunn 
flgrienltuml cnm(>. Ho cow on Jd«< wny (o a farm in Oregon, nppnrenfty enfirely roeorerfaf 
nnd Imnng no M-mptoniji from (he imek alill in jiliu'e. 

T)R. J, H. GKOW, Penvor.—1 wm vi-ry impre^Mcd uith the^o papers, althougli when we 
consider tho ojK'mtiou of cxfniplonral pncumonohida we most consider an operation which 
has not found n great plaee in trentment of tuberculosis. At tho same time there arc many 
instances in which there is no other proeeiluro to Ikj ofTcrctl the patient These were well 
outlined by Hr. Trent. There is no real comiHjtitloa between thoracoplasty and plonibngo in 
the patient whoso condition is suitable for thomcoplsay. However, for tho patient not suit- 
able for thoraeopinsty, pionjbngc o/Ters (he only procedure which will satisfactorily control 
tho disease. jVj Dr. Trent said, tho ndrantngori of plonibngo are: (1) Any portion of tho 
complete lung niny bo collapsed. (2) PulnionKry function i« prescrve<l. (.'!) A one-stage 
procedure is dono instead of multiple proi*eilurcs. (•() The economic factors, hospitaliiation 
and expense, nro reilucoil. (5) Pollowing plond-age (here is no immdoxienJ motion and a 
decreased incidence of spread. (0) I^ast. anil least important, plondnjgo is not deforming. 

Our experience with plombngo is Itnsed on o.t 4*n.‘«<‘s nt the Xntionnl Jewish Hospital 
m Denver, and 20 private covses. The cqs<‘s nt the Xational Jewish Hospital are I>ettor fol¬ 
lowed, and those arc tho ones I will present. Of Ihf 63 rase?, 78 per cent of those over six 
months following opomtion have a nogutivo eputum. TJicre urns one deatli, which occurred 
in a patient who had n congenital heart nilm<*iit. a higli l)lood count, nnd rcsultoil from 
cerebral IhromlKwis. 

I think It is important In considering the to consider the terlmienl features, 

l^ecauso apparently tho remits are largely dqK*ii.|pni on («o faefors. Hirst, tito selection of 
cases, and second, the technique of operation. 

(Slides.) Tho nnterior approach n.s d«-veril—4 l*y Gndmm and Joanntdea is nse<l. An 
incision la made along the anterior axillary lino; ih-* second rib is rcsectcsl and tho eicnvago 
plane established Itotwoen endothorncic fosciu and ch**?f «a/J. Hrom an anterior approach, 
slnco most tulicrculoua ca\'ities are posterior, onr euii dn^ert the lung from tho ehcflt wall 
under direct vision, in the adherent area. The Imporfiin.T of tliorough dissection of tlic 
mediastinum should bo omphnslied. As Dr. Trent poiiiPsl out. c.xlmpleurul plomljagc nmy 
hare to be a dcfiuilivo procedure unless the lung can he disM’i'ted nmiy from the raodiastlnum. 
When the pnenmonolysis includes stripping of the upper IoIh’ from tho me<liasllnum, it Is 
possible to do a lobectomy or sonio other tyiM' of re^•'^••(io^ under tho Lucito plondmge, leav¬ 
ing tho Lucito in place. 

Tho next patient shown had a rather thorough pulmonary function study. In spite of 
advanced disease ho had a 124 liter per minute inaximuni breathing cnpacity, which is eon- 
ridered quite good. Following bllntcnd plombnge, his maximum hroathing capacity was 114 
liters per minute, n very slight rednetion. Ho still has n pa^ltivo sputum and Is being con- 
sidorod for resection of tho right upper lobo under (ho Lucite. 

Tho next patient was a social worker for tho hosplfnl. PoIJmvJng a first-stage 
thoracoplasty thcro xras suppurative bronchitis and spread of tho dlfleaae to tho lower lol>e. 
The entire lung became atelectatic and, in spite of repcntdl uttempta at bronchoscoplc aspira¬ 
tion and ro-aemtion of tho lung, tho lung rcmaine<l collapsed. Normal weight waa 132 pounds; 
sho was down to S2 2 >ounds nnd slijiping very fast in spito of streptomycin. Witli the ex¬ 
perience of thoso previous cases it ^vns thought possible to cair)' out n rather extensive pro- 
•^eduro on a despemto risk patient. An cxtmpIcurHl pnoumonolysis of tho entire lung wn« 
done in one stage. 

To tho present time, four lobectomies and one pneumonectomy have been performd 
subsequent to cxtrnplouml pncunionolysis nnd Lucito plomlmgc. Pulmonary resection leaving 
tho plombage material in ploco is a technicnlly satisfactory procedure. If oxtrapleuml 
pnemnonolynls is dono, it is importnnt to strip the lung from tho modinBtinum in order to 
niake (rabsoquont resection possilde In those patients in whom the disease is not controUed 
hy the collapse therapy. 



190 


THE JOURNAL OF THORACIC SURGERY 


DR. O. C. BEANTIGAN, Baltimore.—Following the work of Dr. D. Wilson and Dr. 
.T. .lolmsou I have been very much interested in Lncite ball plombage in the treatment of 
pulmonarj' tuberculosis and Lucitc ball prosthesis after pneumonectomy. 

The report on Lncite ball plombage by Dr. Trent is extremely discouraging. It is diffi¬ 
cult to justify Ids early morbidity and mortality but the late results are difficult to chal¬ 
lenge with our present state of knowledge. I now have completed plombage on 29 patients 
suffering from pulmonary tuberculosis. There have been no complications nor untoward 
effects. The first operation was done about one year ago. I do not have statistics. on end 
results since it is too early to consider seriously the end results. 

I vary with Dr. John Grow only on technical points. The posterior approach is pre¬ 
ferred rather than the anterior or lateral. The apex of the lung should not be freed from 
the mediastinum. If left adherent to the mediastinum there will be better drainage of the 
bronchi and the disease thus cannot bo displaced into good lung tissue and remain un¬ 
collapsed. 

In considering Lucite ball prosthesis after pneumonectomy, or thoracoplasty after 
pneumonectomy, there are two distinct problems—one is the cardiorespiratory function and 
the other is the flare-up of tuberculosis after pulmonary resection for tuberculosis. For 
patients who have had pneumonectomy for nontuberculous disease, as advocated by Dr. 
Rienhoff, I have done neither thoracoplasty nor prosthesis and the results have been entirely 
satisfactory. If cardiorespiratory difficulty arises one can do a thoracoplasty or prosthesis. 
In patients who have had pneumonectomy for tuberculosis the problem is different. If one 
waits for a flare-up of the disease, it is usually too late for treatment. An adequate 
thoracoplasty after pneumonectomy is a formidable procedure. In the last ten patients, 
through a small incision, under local anesthesia, Lucite baU prosthesis has been done four 
to ten weeks after pneumonectomy. The fifth such patient developed a Staphylococcus aureus 
empyema and subsequently died. The remaining nine patients liave had no difficulty, but 
the follow-up is short since the first was done in October, 1947-. 


DE. STUART W. HAERINGTON, Rochester, Minn.—I am- very reluctant, and am cer¬ 
tain most of us are, to put a foreign body into the chest cavity or any part of the body, as n 
matter of fact, where it is to bo permanent. However, there are cases in which the remain¬ 
ing cheat cavity wiU require thoracoplasty, and I think it advisable that we explore these 
means by which we may avoid thoracoplasty to avoid overdistention or mediastinal shift whicli 
may be troublesome to the patient. 


My associate, Dr. Clagett, has been particularly interested in developing a prostheses 
for the chest cavity following pneumonectomy. He has given me a rdsumd of tlie work he has 
done in this field to the present time, which, with your permission, I wiU read: 

“Recently, Dr. SmaU, Dr. Grindlay, and I reported on the use of gelatin foam sponges 
to fill the pleural cavity after pneumonectomy. We have carried out extensive studies on 
animals and have used the material clinicaUy in 20 pneumonectomies. We believe this mn- 
terial has considerable merit, but it is graduaUy absorbed and since it causes no tissue re¬ 
action or fixation, does not accompRsh any permanent benefit. Experience with plastic 
polythene in various forms such as tubes for replacement of defects after tracheal resecbon, 
tubes for repair of stricture of the common duct, and sheets for replacement of dural de¬ 
fects, has demonstrated that this material causes little tissue reaction, is elastic and flexible, 
and can be molded or worked into various forms and shapes. We were encouraged to try 
the use of this material for prostheses that could be used to occupy the pleural space left 
after pulmonary resection. Bags, roughly lung shaped, wore made of this material an 
were loosely filled with Pyrex glass fiber. This resulted in a soft, flexible, and very light 
weight prosthesis, which has some elasticity but which wRl retain its shape. Such bags wwe 
placed in the empty pleural cavity after pneumonectomy in a series of dogs. Neitlier m ^ 
astinal shift nor pleural effusion has occurred in these. animals. Pleural reaction consists o 
onlv a slight degree of thickening. Eoentgenographically these bags are almost invisi e. 
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There ^ve bocn no indiu-ntionM of nny physiologic disturbance. Tho postoperative coutm 
and condition wore much better than In tho control dogs ^vhicl^ underwent pncumonccloniy 
withODt insertion of tho prosUicsis. Ibcplorntory thoracotomy two end threo months after 
pneumonectomy has shown only slight thickening of the pleura and at most, only a few 
centimeters of clear sterile fluid. 

*^This study on dogs Ims beeu in progress on!}* a feu- months, nud while it has been 
going on, another series of cxjjerimcnts has l»et*n cnrric<l out in rats. The rats have had one 
lung removotl and tho empty space fillctl with u prostlieses. Tlicse rats have been kUlctl at 
various times postopemtlvcly, and the pleural reactions studied. Briefly, mncii less fluid and 
exudnto thnn usually follows pnrujnonectoiny nas found, nnd this fluid contains fewer cells; 
tho pleural cavity surface nnd tho bag arc early surrounded by a soft mcrabrano of fllx’r. 
At first tho membrane Is relatively thick, but within two roontlis it Is only a tJun layer of 
filler. Tho tissue is not adherent to the bag; tlio hag can bo roniovc<l without difliculty. 

'^Thcro are some technical dlfHcullles In the manufacture of these bags In tho desired 
shapes and sixes, ^Vc hope to Ihj able to ilcvclop sixc-s and shnpes to correspond to the 
various segments of lung ns well as tho entire Iting. in the near future. If those prostlicsca 
work out In long-term studies on nnlmnls a-s well they have thus fnr, vro believe such pros- 
theses may hare a useful place in tliorneie surgery.*’ 

As I have said, wo nil hesitate to m-e pro>tlu-sos but there are occasions in wideh I 
think they may have to l>o used, In order to avoid tliontcopinsty. 

Bl?. A. if. VINEBEUO, Montreal.—I shouhl like to draw your attention to n pro- 
cedaro which wo arc now using at tho Oracc Dart Hospital, Montred, which wo think Is 
worth while iKJcause we use a living fascial suture, or sliall wo say a living fascial sheet. 
Wo toko a fasclrJ sheet from tho leg and sew it a*'ross the chest after depressing tho apex 
of tho lung os is dooo in extraploaral pncuniofhorux. Wc miturc it to the fifth intcrspaco 
and on tho medinsttnal side we suture tho fascia to tho lung on its mediastinal side. In this 
way wo hopo to keep tho apex of tho lung donn, and in tho few cases In which wo have used 
this treatment, it has iKvn successful I should like to show yon ono example of this pro- 
cedare. 

In subsequent case* wo havo placed tho fascia! «heet dirctly on tlio apex, nnd in tills* wuy 
have produced what nature often produces, a thickened part over tho lung which wo ^ri8h to 
collapse. 

DR. HYMAN BREWKK, Angelos.—I should like to report briefly on a 

small series of cares In which Dr, Policy nnd I have used tho Hucito ball plombage with a 
very limited Indication. Wc have not cmplowd Lucito bulls as a primary plombage in place 
of eitraplcarnl pneumothorax, but have reserved this technique for l»ad risk enses wlioro 
thoracoplasty had failed In tlicso patients although pulmonary resection might hare con¬ 
verted the sputum, such nn operation ^vas not possible du6 to contralateral disease or poor 
general eondlttom This includes a group of 31 patients, over 35 j-ears of age, who hod 
vital capacities around 1,000 to 1,CCM); five hod severe diabetes. No attempt was made to pick 
ideal cases os wu Avorc Interested to seo what this procedure would do. These patients Imvo 
been treated in tho period from tho pnst three to fifteen months. 

The technique of operation was simple. The oporotivo thoracoplasty wound was oponotl, 
a small extrapleural space u-ns developed, and tlio Lucito balls wore placed in this space, 
did not free the mediastinum ns has l>con recommendwl earlier this morning. It is really too 
^rly to eonsidcr the results in these coses, but ^ve have had 16 negntivo cultures. In nnalyjing 
<mr failures, wo find that broncldnl stenosis, tuberculous traeheobroncldal disease, and cavity 
oUewhero in tho lung have been mainly responsible for failure to convert the sputum. In 
addition wo have gained tho preliminary iuiprcs-slon that certain giant tonaion cavities, and 
lobes almost totally destroyed by tuberculous disease, are not suitable for extrapleural Lucite 
pack following unsuccessfnl thoracoplasty. In sonio cases, too, It 'was impossible to got nde- 
quate separation of tho lung. (Rlldes.) 
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Tlie majority of the cases reported tliis morning, I believe, have been mainly ones in 
which the Lucite ball plombage has been used primarilj^ in place of extrapleural pneumo¬ 
thorax. This represents a group of patients in whom the pulmonary disease was not as well 
stabilized as those in our group in which considerable fibrosis of the lung was present after 
thoracoplastic coUapse. It seems to be a reasonable preliminary conclusion that the lung 
in wliich exudative disease is present with little pulmonary fibrosis does not tolerate well an 
extrapleural Lucite ball plombage, while the more stable fibrotic lung following thomcoplastT 
will tolerate such a plombage. 

We believe, therefore, in cases where pulmonary resection is not feasible following un¬ 
successful thoracoplasty, further trial of extrapleural Lucite plombage is definitely indicated. 

DE. C. W. LESTEE, New York.—It has been my privilege to have been associated with 
Dr. Andrd Cournand and his staff in the study of pidmonary function after pneuraonecfoniv, 
particularly in children. It is our feeling that overdistention is a condition t6 be reckoned 
with and should bo avoided. Our first studies one or two years after operation made ns think 
that perhaps overdistention was not a factor where children were concerned. Several years 
later we restudied the same patients after they had passed the age of puberty and had be¬ 
come adults, and we foimd overdistention Avas sometliing to consider and that pulmonary 
function was definitely less good in those who had distention than in those who did not. iVe 
therefore thought that some method should be attempted to prevent distention of the lung 
while these children were growing. Thoracoplasty, in a child, of course, is a very deforming 
operation. We had not thouglit of Lucite, but of course most of the operations that I hare 
done were in infected cases. Here suppurative lungs are being dealt Avith, and infection in 
the presence of a foreign body is something to be avoided. We therefore have tried a modi- 
fled form of thoracoplasty Avhich ready is not a thoracoplasty’ at all. In opening the chest 
the fifth rib is removed completely, and then the fourth and sixth are removed in their pos¬ 
terior halves. What we hope to obtain by this is that, as the child groAvs, the upper part of 
the chest AriU contract, and the rising diaphragm AviU prevent overdistention at least until 
the child reaches adult life when a thoracoplasty can be accomplished Avithont so much de¬ 
formity. We are, of course, studying the.se children as Ave go along. 

■ (Slides.) These two cases are very recent. We cannot druAv conclusions from them ns 
yet. One AAas an 8-year-old aaIio had extensive bronchiectasis of the left lung Avith contracture 
of the lung and shift of the right chest into the left side. After operation in AAhich the 
fifth rib can be seen resected completely' and tlie fourth and fifth partly resected, the heart 
has moved back into the riglit side of the chest and there is much less distention. This child 
AAas too young to attempt functional study; o.xygen.saturation Avas normal in the blood. 

The other cliild had essentially the same condition. After operation some shift can he 
seen, not very much. Wc found on functional study the residual air was 25 per cent, Avhich 
is essentially normal, and the results have been good so far. 

DE. J. D. MURPHY, Oteen.—IMien a stone is dropped into the placid surface of a 
millstream, there is set in motion a series of centrifugal AA’aves Avhich ultimately cover the 
Avhole pond. So, AA-hen the first Lucite baU Avns dropped into the extrapleural space at Duke 
University, Oteen being geographically close to Duke Avas early in contact AA'ith this wave of 
■patient enthusiasm and Ave succumbed. Having had some Amfavorable experiences during the 
extrapleural pneumothorax era of 1938 to 1939, aa'c determined to screen our cases carefully 
and attempted to select, therefore, only those cases Ave decided Avere good thoracoplasty risL- 

(Slides.) I Avill give you briefly our experience. There AA-ere 22 cases in all; H primary 
operations and 8 operations folloAving thoracoplasty in which the caAuty had not been clo'c 
There aa'os sputum conversion in 27.7 per cent, AA'hich does not approach that of thoracoplnst.v. 
There AA'crc 3 empyemas and 3 fistulas in the primary group; 1 empyema in the seconder, 
cases and in 2 patients migration of the balls. In 1 patient 5 balls migrated into the ' 
astinum. They are still there and Ave are unable to find them. In one patient a ball migra^ 
up to the neck and produced pressure on the brachial plexus and subclavian arteries. 
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x\Tia T(*inovcd. ^\o linvo rciDOvctl a tolttl of 9 packs. In cnsca in irhich onipycnia follo\ra and 
the rantcrhil Ls llquefiiM], it is not difficult. In cnsoa in which there hns not i>cen crapj-ema each 
ball is endow! in n flhrous cnpsulc, pr<»5entinp n honcycomb-Iiko structure. Tlie^o nre more 
difficult to work witli, hut enu 1 h 3 removed without too mncli trouble. A uterine tcnoculura 
forceps hns l)een usc<l to remove w-vcntl deeply omlKHldetl Imlls. Wc have had no mortality. 
Wo stnrtCil the?o opemtionn in f^ptcnd>er, 19-ltJ, iind Iwnmo so disroumpcfl by 3D47 that in 
.Tuno Wo discontlnuetl tliom. e will wait awhile iKjforc other plomlmpc materhds nro trietl. 

Dll. FRANK DOLTiKV, Jjos Anpeh's.—It has hcconio evident in Jjatoninp to tJio 
wenil uiieorrelnttsl imp<Tj* tliiit have jiust b»i*n deliverer! on tlio subject of the introduction 
of Lurito balls Iw'twH'on tho lunp inid tin* eliryt wall for the local collnpao of Innp tissue nf- 
fectrtl by tidterculosls, that some attempt should he made to cvniunto tho (lilnps that have 
l)oen said of this particular form of tn'qitincal. 

ify associate, Dr. Drewer, has just reviewetl our results in flic uso of the Lucito pack. 
From tliC)M‘ results we nre more than ever enroumped Jn the use of Lucito balls. In other 
papers tho operation hns l)een uniformly coodemnotl. Tho nnison for tills divcrponco in opinion 
is due, I am oertnin, to tho selection of cnse.s. 

In all our rases except one, we have <'stablislie.l a Liwite park following thoracoplasty. 
Wo ■ resect a small portion of tho rib imnic^liatoly iHmenth tho thomcoplastic area, and find 
tho lino of clenvape nt flint point, .\ftor ii small piH-kol is obtninctl by dipitnl dissection, tho 
space is enlnrpetl, under direct vision by u.-e of a t'linieron lipht, Dy shari) and ))Iunt dis¬ 
section tho lunp and jMirlctal ploora nre frretl fnmi the immodiatoly orerlyinp tissues. 
Pafcnthoticnlly, It should bo said that we wait fr«»ni two to t)jree or four mouths following 
a njnuifestly un.'«urcessful tliomcophisly Iw'foro wo introduce the Lucito Imlls. For, by so 
doinpj.wc nro certain that the [»arlcfal pleum Is Huffirlenfly holi'l to minimito tho danger 
of n pulmonary slough from Imll pressure. Wo carefully avoid freoiug the apex of tho long, 
for wo >nuit tho pressure to l>r entirely Inteml. 

For tho first (Iirco or four days following fhi** pHn-e-lnre, l)ut seldom longer tlian one 
ircck, tho patient U often conscions of the clicking of hall* in the chest when he moves around 
or conglis. After thnt time, I <lo not lK*lieve then* hns lM*i*n a case wliero a patient hns boon 
eonscions of ball morctnont. 

On two occa-slons vro have removed the balls several w«n‘ks after insertion. Ono because 
of prcs.*uro nguinst a bronchns, which cau-wl an almo.st constant hnrassing cough. This was 
relieved after sorao of thu Imlls were rcniovtNl. The other (K-ensinn was becauso of post¬ 
operative, nontuberculous infection. In both these case’', the sputum contiuueil nogntivo by 
cniturc. 

Wo liavo Iiad no deaths, and no complications that we have not l)eon ablo to roliiwc. 
Oor laboratory reports show 50 per cent uegatire sputum by culture in our series. Wo linvo 
tised tho Lucito pack only in cases whore tliomcoplasty has proved unsuccessful, and there 
seemed nothing oL«o which olTcrcd a rcasounbly good chanco for conversion of tlie sputnm. 

So I say, os” I did in tho beginning, that instead of being discouraged ^vith tho results 
we have obtaincil, ^ro look upon the LucUc pack a.s a definite addition to our series of surgical 
procedures directetl toivnrd the cure of pulmonary tuliercnlosis. Aa in tho choico of any op- 
emtion for this disease, tho important thing i' tho choice of tho caso selected for tho par¬ 
ticular operation contemplated. 

Dlt. ROBERT KT.OPSTOOK, Jnmnicn, N. Y.—I should like to make two technical 
remarks and ono recommendation. If ono has to resort to any extrapleural compression 
therapy using nir or foreign body of a provcil sulwtnnce, this type of procedure should bo 
'^ed out only if tlio pleunil space Ims lieen tested for firm obliteration, prior to the op¬ 
eration, Extrapleural plomlmge is roromiiicndetl as an oi)erution of minimum traumn in 

with limittt! reserve. The perforation likoly to occur into tlio pleurnl epaco if it has 
^^n free prior to operation mav 1m? a very gmvc complication, particularly In patients with 
limited reserve. Tlio other twliniml imiut that I should like to mako is tlrnt the citrapleuml 
spaco should bo almolutely dry, (estetl for l>eing froo of oor.ing before tho foreign material 
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is placed into it. Exudate in the plombage bed can exert prohibitive pressure upon the 
mediastinum and by mobilizing the plombage itself creates '“the floating” ineffective 
plombage. 

The recommendation, which may sound dissenting, would be to regard the plombage as a 
temporary procedure. One should remove the plombage,- irrespective of substance used 
(even if the result proved to be satisfactory) between six or eight weeks to six months after 
operation and to follow it up at the same time with a limited apical thoracoplasty. The 
plombage, a limited surgical procedure if performed with delicate care, served its purpose 
by creating a very selective collapse. In order to secure the permanency of this selctive 
collapse it seems to be safer to replace the plombage with just a limited apical thoracoplasty 
than to rely on the plombage itself, for the foreign material stimulates the formation of a 
continuous!}' shrinking flbrous capsule around itself. The slow shrinkage can exert a con¬ 
siderable pressure within the capsule. The least resistant point outside of the capsule is the 
surface of the damaged lung toward which the late perforations are likely to occur due to the 
protruding of the plombage substance if the plombage has not been removed in time. Late 
perforations may occur from six months up to two or more years following operation. 

DE. TRENT.—I should like to sa}' in closing that certainly we agree with Dr. Decker 
that the longer the eases are followed the poorer arc the results. Our follow-ups, I should 
like to remind you, although not ver}' long, have continued for a minimum of one and one- 
half years, the longest approximately three years. I have one slide I should like to sliow 
you, wliich illustrates one t\pe of case included in the Duke Hospital series. Some of these 
cases like the one Dr. Brantigan iUustrated, were selective, in that the area immediately over 
the cavity, wliich is approximately under the second rib in this case, were selected for col¬ 
lapse and the limg aUowed to remain attached to the mediastinum. (Slides.) 

This was done approximately two years before this report. The pictures show the 
patient approximately one year after operation and immediately after operation. When the' 
patient was discharged the sputum was negative. While at home he resumed activity, had 
no symptoms, and was feeling weU. We considered this a good result. A few months ago 
he began to develop symptoms and felt he should return for check-up. He returned hvo months 
ago and the film on the right was made. The smear was found loaded with acid-fast or¬ 
ganisms two years after operation. 



AN ANALYSIS OF VjUUATIONS OF TIIK SKGMFNTAL BRONCHI OF 
THE RIGHT LOAVER LOBE OF FIFTY INJECTED LUNGS 

Fkankmx R. SiiiTri, Al.D.,* RoriifiiTEit, Mi.vx., and Ei>\VAnn 
A. Bovnnx, I’li.I)., JIixxt^M'Oi.ifi, JIixx. 

INTnODTTCnoX 

N OTAVITIISTANDING llio j'onomi ntrcptnnoc in this coinitr>* of tho .Inckson- 
JTul>or tenninolojo* of the hronehopulmonnry sepmentR, niul in the Britisli 
Kmpiro of the sonicwhut diffoi'ently named Iml cniTospondinj^ zoncR, tliere seems 
not to have boon made, ns yet, n slalistient study of tlic variations of llic lower 
lobe segments. Brook (Itl-Ki) discusse<I tliosc from the standpoint of tlio vnrj’- 
ing amount of territory a given segment can cover and i>ublishcd excellent figures 
of Bomc of these injcotoil speoimens. However, there Rtill rcmniiLS the ta.sk of 
nnnlyring variations in the light of an em]»irically established prevailing i)atlcni, 
that is, of dotonnining the ty[)ienl aurfaeo area of a segment and then noting 
how often, and by wlint othei* bnmeln, this is supplied in whole or in part. Such 
an analysis would seem to he a jieeessary preliminary to accurate loculismtion 
of lesions of the lung and to Kurgienl resection of its segments. 

Tlio prc.scnt atiidy is restricted to tho segments of the right lower lobe, but 
a companion article (by Borg, Boyden, and Smith), dealing with tho segments 
of tho left lower lolw, together with a «ummnrj* of the difTerenccs iHJtwccn tlie 
two lobes, is being prepared for publiention.f 


stATWitAi. and Mrmions 


Fifty frwh Ppeclmens of right lower IoIjcj* Imvc l)ocn hmmI in tins RluJy. Tho tcclmtqai* 
of injection was tlmt cmploytsl hy Scannell (1017). After tlio lillnr region Imd lioen frees! of 
'‘wsela and l)TDph nodes, the primary hmnrlie.** of (lie right Imrer lol>e stem were dlspectcd from 
the snrronnding parenchyma for a distoiicc of nI*out l.o nti. In many instances tho level of 
primary branching of each M*gmcnlal bronclnis uns renrlied nlso. Following partial inflation 
with air to clear the pnsj-ngcd, oach Fcgnicnt was liijtvteil with hot colored gelatin at approxi* 
mately S5* C. The colored gelatin was prepnretl by dissolving 75 Om. of U.S.P. gelatin and 
10 Qm. of potassium Iodide in 500 c.c. of lap water at lOO" C and adding 4 r.c. of appropriate 
'cgetnblo dyo to cadi 300 c.c. of gelatin. Simple onillno dyes avallablo at tho grocery' store 
were used. 

Immediately after injection of enuli segment, tho lobe was plunged into cold tap Avrrter 
to old in the gelling of the segment. After two minutes it was removed from the cold Imth 
»nd another segment injected. Midway through tho proeoRs the Intcraegmentnl margins, as 
rcvenlod liy the colored masses, were dm^vn on (he surface with India Ink. Tills step was 
fopcoted, following the completion of tho Injection process, but Ihlij time the surface of (ho 
was carefully dried with toweling, and under an electric fan, both Ixjforo and after 


tl>e Dopartmoat of Anatomy, UnlvoniUy of iUnnosotn School of Srodlclno MJnne- 
■I'uiu, Aiina- 

np-.i./M^ridgmcnt of part of a thesis submitted by Fmnklln R. Smith to tho faculty of the 
Behool of the University of Jllancaotn In partial fulftllment of the roqulromcnu for 
deffreo of In Svirgerj'. 
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application of the ink. In this manner the intersegraental boundaries were preserved perma¬ 
nently. 

After drawings were made of the anterior, posterior, and diaphragmatic views of each 
lung, the segmental bronchi and rami were dissected in order, to check and correlate the 
pattern of the broncliial tree with that of the surface distribution of the injected gelatin. 
The fact that the lungs were solid masses of gelatin made this step much more difficult than 
would have been the case if one were dissecting lungs preserved by the usual embalming 
methods, but the essential points could be determined in eacli case. After the tree was in full 
view and drawn for tlie record, the stem was opened and the location of the bronchial orifices 
noted on the drawing. 

The terminology employed in desigpinting the bronchopulmonary segments is that pro¬ 
posed by Jackson and Huber (1£)43). Tlie numerical designation of branches is that devised 
by Boyden (1945). 


Posterior 


Riqht 
inf. Lobe 
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\ vert. 



Sup.Lobe 


{1.5 cm. Lower) 


(ThrouqK basoL truak) 

Fig-. 1.—Transverse sections of right lower lobe at two levels: Level A, 
low orifice of superior segmental bronchus (B*). to sho-w' origin of subsuperior Oron^u v 
from common stem of B’- »-no; the branches of B* are so lettered as to co^espona to u 
lying branches of B" (see Fig. 3). Level B, section just below origin of B , to snow 
the lung supplied by the four basal bronchi (B', B*. B’, B’”. X, interlobar 
ing anterior (interlobar) from costal surface of lobe; Y, costoparavertebral margm, ^ 
paravertebral from costal surface of lobe: Z, pulmonar.v ligament, separamg of 

paravertebral surface. Arrows, at Level B. Indicate direction of bronchi, tne o ma 
B“, B", B’” are descending toward tlie diapliragm. Note that B'a supplies the anter 
B'b the paravertebral (and anterior) surface. 


THE GROSS CONFIGURATION OF THE RIGHT LO'V\'ER LOBE 

The right lower lobe somewhat resembles a cone that has been flattened 
anteriorly and medially, left rounded on its posterior and lateral side, and t len 
telescoped from below. It thus presents four surfaces—a slightly ciii'ed 
tenor surface flattened by the upper and middle lob&s, a paravertebral sii 
lying against the vertebral column and grooved by the esophagus, a cos 
suiTace molded by the euiwing ribs, and a concave diaphragmatic siir ac^ 
indented by the dome of the liver. As seen in cross section (Fig- 1) the 
and costal surfaces are separated by the right-angled interlobar margin > 








Smith and itOYDKX; swimbn’tai, niioxciii of itfniiT i-owkr look 


l9t 


tbe coslnl niid vcrtebrni .surTiicea hy nii obtuse eostopnrnvoi’tobrnl mnrpin (Y), 
nnd the niilerlor nnd pnrnverlehml siirfnees l>y the hihim nnd piilmoiinry lipn- 
mcnt (Z). 

The costo-paravrrichral uiarc/in is Imrcly noticenblc in n fresh specimen, but 
it lins boon nrbitmrily indientod by n line in the dpnrcs on the riplit side of 
Plntes t to 4 (see Plnte 1 for desipnntion), since the iwsilion of the sepments 
cannot )«; defined easily witliont snob n Inndninrli. 

Tlic inicrlohnr mnriiin is shomi in the flpnrcs on the left side of Plate 1. 
Tliis is the cdpo ndiieh marks the posterior tiorder of the interlobar or oblitiuo 
fissure. As pointed out by Brock (in421, this fi.s-surc licpins at the fifth rib or 
the fifth interspace (onesepment lower than is ii.snally drserihed in tlie anatomic 
te.xts) nnd follows the si.Nth rib down to the diaphrapm. 

The anterior (or interlol)ar) surface is not a fiat plane hut is often gently 
curved. Superiorly, n.s the lobe thins out and becomes nearly semicircular in 
cross section, the anterior surface faces somewhat lalemlly. This ])ortion is 
usually fu.se<l in vnrj’inp degree with the posterior segment (B’) of the upper 
lol)c. (See Plates 1 nnd 4. \o. 40 ami 49.1 fnfcriorly, the anterior surface 
faces more medially nnd is chaiactcrizcd by a fossa which we have tenned the 
sulcus of the inferior vena cava (Plnte 1) to distinguish it from the fossa for 
the suitorior vena eavui which carries the anatomie term, sulcus venae cnvac. The 
former is also a suhstautinl groove. This was recogniml by Brans (1924), who 
gave it the vernacular German name of Deilr. 

Laterally, the inferior portion of tbe anterior surface is crossed by the 
middle lobe. The lower Isirder of the middle lobe tt.sually passes from the hiiitm 
toward the Imvcr lateral angle of this anterior surface. (See lino .scimratinp 
subsegments D*b nnd B^n in specimen No. 39, Plato 4.) The position of this 
inferior margin of the middle lobe is not mnrkeil by any ridpc or rimovo on tho 
anterior surface of tho lower lolte, nor have any of the tlft.y specimens presented 
a fusion of the middle IoIk" along this line. However, the pi-o.xinml end of the 
middle lobe frequently fuses to the lower IoIk> at tho inferior or lateral margins 
of the liilum (see No. 40, Plnte 1). 

The superior margin of the middle loin* coincides with tho inlcrfissural crest 
(Plnte 1) wliioh separates the .surfaces on the inferior lolm that are covered, 
respectively, by tho upper and the middle lolm. This line muinlly coincides with 
tho division Imtween upper nnd lower ]>oi1ions of tho inferior lobo, the upper 
half representing the dlstrilmtion of the .superior segmental bronchus (B*) and 
, tho lower half tho zone supplied by the two basal scpmontnl bronchi (B'*’). 


THE supimion sku,mentai. naoNCHUB (n°) 


Tho superior segmental bronchus is tlic first posterior branch of tho right 
lower lobo stem and is situated just inferior to tho level of tho orifice of the 
middle lobo bronclius and nearly opposite to it. It has three principal rami 
(Pig. 2, A); a medial (B'a), a superior (B“b) and a lateral (B“c).* This does 


Is the ijaravertobral ramus of Brock (JIMS). It ^as orijrtnallr deslcnated the 
by Boi'den (1946), but the additional Information obtained In this study suc- 
medial Is more accurate than posterior. Also, In conformity to the method of 
branches of the richt lunp In countorcloclncle© order, the letters dcslpnatlng these 
rsmi haro been revised. 
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EXPLANATION OF PLuVTES 


(Sketches rendered for piibUcaiion by Lawrence B. Benson) 


Sketches of injected fresh specimens of the right lower lobe of the lung, showing dij. 
trlbutlon of segmental bronchi. The large drawings on the left side display the anterfor or 
Interlobar surface: those on the right a)de, tlie costal surface as viewed posteriorly (XK) 
The smaller figures represent the diaphragmatic surface (Xi,{i). 

Color scheme: Yellow color, segment supplied by superior bronchus (B') ; B'a, b, c. dU- 
tributlon of its medial, superior, and lateral rami. IP7iife color, segment supplied by sub¬ 
superior bronchi (B* and/or BX»). Blue color (anterior surface), segments supplied by medial 
basal bronchus (B’) ; a, b. distribution of anterior and medial rami. Red color, segment sup¬ 
plied by anterior basal bronchus (B’) ; a, b, distribution of lateral and basal rami. Blue color 
(costal surface), segment supplied by lateral basal bronchus (B*) ; a, b. distribution of lateral 
and basal rami. Green color, segment supplied bj’- posterior basal bronchus (B”) ; a, b, latero- 
basal and mediobasal rami. (The highest branch of B” (BX*) Is left uncolored when it sup¬ 
plies the subsuperior zone.) 


Plate 1.— Specimen The superior segment (B") is tjTtlcal as to size, angle of place¬ 

ment, and distribution of laml. The subsuperior segment (B*) is typical In position (except 
that it is pushed somewhat laterally by tlie invading ramus of B') but it belongs In that small 
group (14 per cent) in which the segment Is supplied only from level 2 of the stem bronchus, 
that Is by a subsuperior proper (B*). In this case, the bronchus arises Just above the orifice 
of B9. The basal segments are tj*plcal except that the medial basal bronchus (B’) Is detective: 
altliough originating at Its usual place, it consists of a medial ramus only (BTr) ; the appar¬ 
ently missing anterior ramus (Bm) is represented by an accessorj' branch (BX-a) of the an¬ 
terior basal, hence the latter (B*) appears to extend atypically as far as the sulcus of the 
Inferior vena cava. 

Specimen -SO, The superior segment (B“) occupies the upper half of the lobe Pos¬ 
teriorly, the lateral ramus (B^c) predominates, and Its displaced deep branch (t) Invades the 
subsuperior region (for normal deep branch, see Figs. 2A and 3). The subsuperior segment Is 
thereby displaced somewhat laterallj'. It Is supplied by the high dorsal branch (BX*) of the 
posterior basal (B'”). The basal segments are atj-plcal In tliat B“ is absent as such, being repre¬ 
sented by BX'b, an accessorj- ramus of E‘b. Consequently In this specimen, the anterior basal 
segment extends more posterlorlj- than usual. BT) fails to reach the diaphragm. 


Plate 2.— Specimen ^S, The superior segment (B<') occupies an upper wedge-shaped zone 
of the lobe. Both it and the posterior basal segment (B’") a're shortened bj- the imusual 
paravertebral extent of the subsuperior segment. The latter Is supplied by three bronchi—one 
subsuperior proper (B*) which arises Just beneath the orifice of B’, and two accessorj' suh- 
superiors (BX*) which arise several centimeters lower down from B'*fe and B^b. The lateral 
basal segment (B*) Is shortened bj' the unusual spread at B’a. 

Specimen 43, The superior segment (B*) occupies an oblique half or less i J 

-Again ramus B^c predominates posterlorlj'. The subsuperior segment Is a small mld-posteriw 
zone supplied bj' BX* (10). The medial basal segment (B’) Is demarcated bj' a deep ns^re 
which extends to tlie center of Uie diaphragmatic surface. The anterior basal (B*) Is anomaloM 
In that while Its bronchus arises from the usual position it consists of the lateral rarnus on^ 
(B’a). (This, In turn, has an accessorj' branch [BX*c] which takes over part of the ternmry 
above the Interflssural crest, that Is. the zone usuallj' supplied bj' the superior bronchus, n.i 
The basal portion of the anterior basal segment (BX’b) Is taken over b>' an accessory brancn 
of the lateral basal bronclius (B”). 


Plate 3.— Specimen 50, The superior segment (B”) is obllquelj' placed. Ip A? 

of Specimen 40 (Plate I) the segment In this specimen descends furtlier antenorly man pu 
terlorlj'. Also B'c predominates posterlorlj'. The subsuperior segment is supplied by mo 
superiors proper, the first B* arising mldwaj' between the orifices of B’ and B*, the . 

Just above the orifice of B’, j-et, curlouslj- enough, they terminate side bj’ sld& sic. 

low origin of the second B*. the accessorj' subsuperior (BX*) was presumably 
tribute much lower than usual; for tills reason it has not been Included In the 
ment althougli its designation has been retained. This Is also the onlj' specimen 
In which the lateral branch (B"a) of the lateral basal segment reached the diaphragm. 

■w'lse, the basal segments are tj'pical. , 

Specimen 46, This and No. 42 (Plate 2) Illustrate that 38 per cent of wn. 

the subsuperior segment-Is supplied only bj’ the BX* ramus of B’'’. It differs from mat 
42 in that It extends Into the paravertebral area. The other segments are tj'pical. 

Plate 4.—Specimen 39, This Is the onlj' specimen encountered In t^e 

subsuperior bronchi arising exclusivelj' from the stem of the posterior basal (B ^ . Also, 

tipper one, how'ever, maj' properlj' be considered as supplj'lng the subsuperior segme 
this specimen resembles No. 42 (Plate 2) in that B*a takes over a portion of me sup , 

ment bj' virture of Its accessorj- ramus, BX'c. It differs In that IPb Is normal mot 
not a branch of B' as In No. 42. .... . -uomI Reament 

Specimen 49 , This is the onlj' specimen-encountered in which the anterior bara ^ 

(B’) existed as a separate lobe. As shown In diaphragmatic view, the segment co , -gi) 
cleft- lobe wliicli seemed to Iiave protruded from its position between Oie had a 

and lateral basal segment (B'). This specimen Is also the onlj- one bncounterea -n-hldi 

distinct cleft between superior and basal segments. It Is also peculiar In the exie 
the superior segment Is fused to the upper lobe. 



mu 








J. Tuoraoio Sm:o. 

VoL. 18 , No . 2 , Arnrn , 
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Fip. i,—A, Anterior view of *uin,Tlor ^^plnentJll bronchus (1^). *hnwlne nmineement of Its 
three ranJl—irVi, B*b. IIV—In un onilmlniod epocimen («e<* Kip. “,/»). M'hllc thl« rcpre.''cntf! 
the common Ij'pq of olCurcntlon Into + b nn<l RV It t* oU’ptcnl In thnt It rcecnibU*# ft trl- 
rurcntlon. For more tjTilcnl mode of bmnchlnp. neo B*. FIp. 3, C. 

JJ, DlftKram of tmna\'cr»w; »K<llon of the rlplit lower lobn throuph the lower imrt of Ujo 
bawl aepmenla. Note that the inctllnl baaol ncimmnt (B’) la plRCCd ntltwnrt the other baanl 
•epmenU (B‘, B*. n»*) nn<l llmt the Initer exhibit a layerlnp. B** ovcrlnpplnp B*. nnd B* over- 
Isppinp B**. Also note tlint B* Ilea on both altloa of tho jmlrnonnrj- lipninent, B^n tj’plcnlly ex¬ 
tending n* far na the Intcml third of the onterlor •uriaco; Iinc> rcnchinp well down on the 
paravertetrml eurfnee (J). 




Kip. 3.—Dlwretlon of embnlmod right lower lobe oa f«oon from anterior surface. 

dissection of bronchi. This specimen Is typical In resnoct to tho level of 
segmental bronchi B*. nrlsing from the common stem of B\ B*, and but be- 

dlrectod medially Instead of 


••atypical In that tho aubsuperlor bronchus (B*) la .. .. 

not k' thia reason, presumably, the medial ramua of the ntodlal basal (BT?) does 

ramii« fm \ pamvortebml surface as H usually does. Correspondingly, tho tmtorior 

thlnu .K* •tjpplloa the whole of tlio lower nntorlor surface. Instead of tlio usual two- 
or It Finally, the deep brancli of takes over part of Uic posterior distribution of 


B, Orifice of basal stem Just below lc\'ol of B*. 

deen view of dlaecctlon following ronwval of B^. the modlal basal bronchus. Noto 

I •J'^ch of the aubsuperlor (t) that woe hidden In A. Note abaence of BX* 
posterior branch of B** which occurs In 86 per cent of specimoha B*. superior 
ia&rsi hn. subsuporior bronchus: B* medial basal; B*, anterior bMal; 

oaaai; b**, posterior basal aegmentnl bronchus. 
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not mean that B® is typically trifurcate, as implied by Brock (and suggested 
by the specimen drawn in Fig. 2): for the prevailing pattern (86 per cent) 
is a bifurcation, B®c and B®a + b; see Fig. 3 and Plate 2. (See also Table I, 
item 1.) The remaining items in the table demonstrate how rarely this pattern is 
modified. In only a few instances (10 per cent), is the segment supplied by an 
accessory branch of B® (see BX®c, Plate 2, No. 42; Plate 4, No. 39), or by an 
accessory branch of the subsuperior bronchus, or directly by a branch from tbe 
basal stem (see footnotes. Table I). 


Table I. Tue Superiok Segmektal Broncuus (Bg) 


1. Bifurcates 94% 

into: 

1. * BBa + b and B«c (Plate 2, No. 42) 86% 

2. Bizarre types ■ 8% 

(1) B8c2 and [B«a + cl + b] 2% 

(2) B6c 2 and [(Bsa 4 - b) + cl] 2% 

(3) t B6a and Bob 2% 

(4) t Bobl and B6b2 2% 

IT. Trifurcates into Boa, Bob, Bop ___^ 

•In three specimens, part of B'c arose from the basal stem (No, 17) or from B*; see 
No. 42 (Plate 2) and No. 39 (Plate 4). 

tB*c arises as BX^c from the basal stem. 

tB*a arises as BX“a from the aubsuperlor bronchus (B*). 

B*cl arises as BX'cl from B‘ ; B'’c2 from basal stem. 

The amount of tbe lower lobe tissue that is aerated by B® is of considerable 
importance to the clinician since tliis is frequently involved in lung abscess and 
frequently separated from tbe basal segments. For these reasons it has seemed 
desirable to summarize tbe limits of the superior segments on all three surfaces 
of the lower lobe (Fig. 4). Row 1 shows the extent of this segment on the 
anterior surface, together with the percentages in which it occupies one-third, 
one-half, or two-thirds or more of the surface. Rows 2 and 3 supply similar 
data for the costal and paravertebral surfaces, respectively. However, these 
figures, suggestive as tliej’- are, do not in themselves jield the most significant 
information. This has been obtained by ascertaining the extent of this segment 
in each specimen and then finding into what groups these specimens can be 
arranged. 

Two major patterns emerge fi'om this analysis. In two-fifths of the sped 
mens (38 per cent) the superior segment is obliquely fitted to the basal segmen s 
of the lower lobe. In the remainder (62 per cent), it caps tbe basal segmenj 
horizontally, according to conventional concepts. The whole group 
further subdivided according to whether tbe segment occupies the upper 


table n. 


iiTiox Axp Extent of the .Superior Segment 


Horizontal group 

S% 

62% 

Upper third 


Upper half 

52% 


Upper two-thirds 

2% 

38% 

Ohligiie gro\ip 

6% 

Upper tliird 


Upper half 

26% 


Upper two-thirds 

6% 
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(78 per cent), tlie u])])er third (14 i)cr cent), or Uvo-tliirds (8 per cent) oC the 
lobe. Dctnila nre piven in Table 11. 

In no instance was the superior sepincut cut oft from the basal segments by 
a substantial incisure, ns described by DfvC (IDOO) in G per cent of ISO infant 
hinp.s—the nearest to this condition Iminp shown in Plate 4 (No. 4!))—nor was it 



Aatorior Surface 



Costat Surface 



Paravertebral Surface 


\nrj ln(t exlonl of tho ■uporlor Bocment on nnlcrlor, coBtal. nnd 
pam\ortebrnl Burfaee*. Porerntage* ind!cat« frequency of piven dlBtributloM. 
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ever associated with the 36 per cent of incisures demarcating the medial basal 
segment in onr series. Ddve observed a coexistence of these incisures in 11 per 
cent of infant hmgs. (This figure includes incomplete fissures.) 

The composition of the anterior and costal surfaces of the segment is dis¬ 
played in Figs. 5 and 6, respectively. In the prevailing pattern (Fig. 5, 44 per 
cent), the anterior surface is supplied exclusively and equally by B®b and B“c. 
On the costal surface (Fig. 6), the two most common patterns are those in ivbicb 
rami h and e again divide the area (34 per cent), and those in wliich rami a,b, 
and c participate equally (30 per cent). On the paravertebral surface, vbich 
has not been plotted because of its constancy, B®a is present and predominant in 
98 per cent of eases. B®b is the only other ramus which invades this area even 
to a minor degree and then only in 44 per cent of specimens. 



B^C predominant predominant 

Fig. 5.—Diagrams Ulustratlng varj'lng extent of anterior surface of tlie superior segn 

supplied by individual rami of S'. 


Of the three rami just de.scribed, the medial (B®a) is most worth;s o a en 
tion since this is the one which descends furthest. This agrees vith roc 
observation that the downward direction of this branch may he so increase 
it runs almost vertically. Thus in 54 per cent of specimens (Fig. 4), xt supp 
one-half of the paravertebral surface (with or without a small portion o 
and in another 30 per cent it covers two-thirds or more of the surface, n . 
in two instances it almost reaches the diaphragm (see Fig. 9). From le 
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jHjint of respelion of IIr! sennioiil, llie iinporlaiico of this cniiiiot l)o ovcieniplm- 
siml. AiiotlH'r iiniiil of inteii'Rt in tliiil in 38 per coot it develops n deep bmncli 
(FiR, 2, A) which tnkes ovov n suhslniitiul povlioii of the coslid sui'fnce (see 
Pinto 3, No. 40), hul it wiis never found to prodoiniimte on thnt sui fiieo. 

Nc.vt in interest Ls tlio hilrral rtimiis (ll'c). In 84 ]H>r cent this hns n deep 
po.sicrior hmneh (Fip. 3, A) iind oeciisionnily (IG per rent) it inny take over 
most of the eo-stnl snrfiice of the sefnneni (Plntea 2 and 4, No. 42 and No. 39). 
In one insinneo, wliat is ])resninnlily to Im interpreted ns this deep hmneh arose 
coordinnfely with the common stein of IFa + h (sec orifice t, Plato 1, left .side, 
No. 40). Kvidence for this may lie found in Plate 3 (No. .'lO) where the typically 
Iilnectl dceji hranch of B'c su))]ilies a eonipunihle r.one. 



B^b and B*’c predominant B^a, e<iual B^C predominant 






The mipcr'ior ratiiuf (B“h) is distrihuted to both sides of the upper portion 
of the lolie. 


Prom the standpoint of resection, the common stem of the three rami of B" 
IS long enough to permit ligation in 92 per cent of specimens. The same is true 
of the common stem of B”a + h in 88 per cent and of the lateral ramus (B’c) in 
100 per cent of specimens. 


In concluding discussion of the superior segment attention is again called to 
he fact that on tho right side the upper lobe is usually fused to a greater or 
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lesser degree Avith the anterior surface of the superior segment where that plaae 
curves to join the paravertebral surface. Usually this area is eontiguons to 
B®b. In this region (see Plate 3, No. 46), a branch of B®b was obs^ved to 
supply the parenchjTua of the right upper lobe in five out of eleven consecutive 
specimens examined for this purpose. A similar situation was noted by Bell 
(1941). In a personal communication he stated that this fact was observed in 
a ease of lobar pneumonia in which the eonsoKdation extended from the right 
lower lobe to the adjoining area of the right upper lobe. Post-mortem dissection 
shoAved that the bronchial tAvig from the superior segmental bronchus supplied 
this area. 

BAG 



pig. 7.—Sketches showing the origin and relations of posterior (dorsal) branches ol 
the right lower lobe bronchus. 

A, Aeby's diagram illustrating "monopodlc” branching of a stem bronchus Ip'^g a 
of ventral (V'-*) and dorsal di_ 4 ) rami. G, cardiac bronclms, which does not fall into c 
of the two series. Term., termination of 'tstem bronchus.” 

B, Dissection of embalmed specimen (No. 12, S16), for comparison with Aebys dlagrom^ 

C, Same specimen as in B, wlUi anterior wall of bronchial tree removed 

flees of dorsal rami. In this particular specimen, five Instead of Aeby s four 
occurred. (The first dorsal is represented by B®.) A sixth Is frequenUy found in 
oUier specimens at the point indicated by an asterisk, that is on Uie as 

B.«. » + Jo Considering the six in order from above downward. No. 2 and 3 are com 
equivalent to Aebps d=. Dofsal bronchi on this part of the stem are here j. 

subsuperior proper (B*), No. 4 and 5 (on the stem of B'®) considered ^ eq jn 

Aeby’s da and are here designated as the accessory subsuperlor, BX» (10). Broncii jjoncs, 

positions 2 to 5 usually supply the subsuperior segment, and not successively i 

as might be Inferred from their position on the stem bronchus. 


THE SUBSUPERIOR BRONCHUS (b*) 

Tbe subsuperior bronclms, as indicated by its name, arises beneath the 
superior bronchus (B®) either from the posterior portion of the basa 
(B*, Fig. -7, C) or from the upper portion of the posterior basal bronchus ( > 

Fig. 7, G). It is distributed to the middle level of the posterior costal sur a^^ 
of the lobe. It may extend onto the paravertebral or onto the latera cos 
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aurlacc. TJiis is one of tlio zones M-liieli lina been considered to bo most \ndncniblo 
to aspirated material (Neil, Oilmour, and (iwj-nue, 1937).t 

Tiio first to recognize a series of doi'snl or posterior branclies on the stem 
bronclins of man nas the Swiss eomjinrntivc anatomist, Aeby (1880). He 
postulated a monoiwdic bninebinR eonaistliiR of four ventral and four doi-sal 
r-ami. Tn tills he was Riiided by the prevailing maimnnlian jiattern in which the 
thorax is lonp and narrow and the heart plaecd near the middle of the tliorax. 
Siioh a .scheme is .shown at A in Fip'. 7. Kwnrt (1889), however, took exception 
to this rationalization, .statinp- that due to the different shajie of the human 
thorax, whieh is eompressctl from front to back, with the heart plaecd inferiorly, 
the branching of the Iniman hronehial tree is of necessity more radial, and more 
dichotomous, than monopodie (sw /I, Fig. 7). Flirthermoro it has been our 
experienee that the four dorsal bnmehes po.stnlated by Aeby do not occur 
regularly in the right lower lolie hronehns of man, and that ))otcntially there are 
six sites, as shown at C in Fig. 7: (1) the site of the first dorsal branch of 
Achy (d,), which is the superior .segmental bronchus (B"); (2) the dorsal branch 
hctivcen B' and B’ (marked by an asterisk in 0, Fig. 7); (3) the dorsal branch 
between B* and B“’(Achy’s d,); (4) the dorsal branch at the upper end of 
B'”; (5) the doml bninch at the middle of B'" (Achy's d,); and (G) the dorsal 
branch of B'°b (Aehy's d,). Jfowever, for the sake of simplifleation, dorsal 
bmnelies 2 and 3 arc here grouped together and con.sidercd os corresponding to 
Achy’s d,, and dorsal branches 4 and o as corresponding to Achy’s d,. It is 
thns convenient to refer to the sul)su)ierior bnmehus ns arising cither at level 
d. or level d„ that is, from some portion of the main stem or from B'”, respec¬ 
tively. The first will be referred to ns the snhxiiprrior proper, with the designa¬ 
tion B* (after Boyden, 194.9) and the .scs-ond ns the acccfsorp mliMipcrior, ivith 
the designation BX*. 

In considering that both B® and BX® represent a subsuiicrior (in which 
view Brock also coneui's) we have been guiderl by the fact that in the absence 
of a B* the BX® distrihutes to the subsuperior zone rather than to a distinctly 
lower level, a fact which again mn.v be referred to the ladial type of branching 
of the human lung. 

Somewhat similar to Fig. 7, C is a sketch prcsentctl by Neil, ttllmour, and 
Qwynne (3939), showing the opened bronchial tree of a 4-yenr-old child in which 
three subsuperiors are present (their Fig. B). The that two cori'cspond to the 
dj level, and the thiixi—if the si>ecimcn had had the usual high bifureation of 
B**'“—to the dj level, as irostulntcd in Pig. 7, C. In general, these authors 

tAt first unaware of Ewarl’a earlier Identification of It {nr tlie •‘IcuBcr posterior horlion- 
thej- dalnied dlscovory of a now Mitmont—nnmlnff It llio “aubuplcal”; and. Indeed, It liad 
orerlookcd hy Kmnior and Olafw (1935). Noll's cxcoUont description of It, with emphasis 
on Its clinical importanco Is a« follows; 

•The posterior region of the lower lobe Is supplied, acoordlng to all pre\’lou8 
Pnmications to which wo haw hnrt access. b>* tho apical bronchus [n«] In tho upper 
poraon and the paravertebral [B*J In tlio lower. 'U’e are convinced that an Intor- 
nirtllate sonamto segment exists and can bo dcmonstroteiL and that It Is the slto 
localliod pathological change, as showm bi* rodlologj' and bronchoscopy. It Is an 
snatomlcnl gap In the distribution Iwtween tho nplcnl and paravortobml bronchi In 
wi Ulustmtionj wo Imvo soon. AVo havo found that It Is supplied by thoao subanical 
bronchi [B* and BX*]. This has boon shown by Inflation In specimen* and by 
llplodol fillings In patfents." 
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Stated that there are one to three present, and this corresponds to our ohsciYn- 
tions; for inspection of Table III (Item I) ytU show that one or more sub- 
superiors are present in eveiy specimen. In 50 per cent only one occurs (Item 
II ;1) ; in 34 per cent two are present (Item 11:2); in 14 per cent three occur 
(Item II:'3), and in one specimen even four such dorsal rami were noted (Item 
II:4).t 


TiVBLE III. Subsuperior Bronciii (B* and BX*) 


I. Frequency of occurrence in 50 speeiniens 

1. Arises exclusively from level iL (as branch of main lower lobe bronchus 

between the superior and the basal segmental bronchi) 14% 

2. Arises exclusive!}' from level d, as an accessorj' subsuperior, BX*(10), i.e., 

one or more from the posterior basal bronchus (Bio) 38% 

3. Arises from both levels in same specimen IS% 


II. Detailed analysis 

1. Subsuperior represented by single bronclius 

(1) Arising at d. level (as B® proper) 

(a) Prom common stem of B8. o, lo 

(b) From common stem of B**. lo 

(2) Arising at d, level, as BX®(10) 

2. Subsuperior represented by two bronchi ' 

(1) One from level d, (B*), and one from 
level d„ ns BX*(10) 

(2) Two from level dj, as BX*(10) 

3. Subsuperior represented by three bronchi 

(1) Two from level d. (B*) and one from 
level d„ as BX*(T0) 

(2) Two from level dj, as BX*(10) and 
one from level d,, ns B* 

4. Subsuperior represented by four bronchi 

(Two from each level) 


0 % 

8 % 


ino% 


14% 

50% 

3C% 

34% 

32% 

2% 

14% 

10% 


4% 

2% 


100 % 


HI. Origin of B* (at d, level). (Items 1:1 and 1:3) 


1. From basal stem (level of B") 12% 

2. From common trunk of Bs, o, lo 22% 

3. From common trunk of Bo> ro 14% 

4. Two: one from common trunk of B®, 0 . lo 

and one from Bo- lo 6% 

5. Two from common tiaink of B®, 8% 


At this point one may ask wliy Neil, Gilmour, and Gwjmne liave not been 
followed in giving the sulisuperior the status of a segmental bronchus. The 
ansiver lies in their observations and ours, namely, that the number and level o 
origin of bronchi supplying this middle posterior zone are variable, hence it is 
less confusing to give it a designation IB*) that is noncommittal as to numeiica 


sequence. , 

Another point made by Neil and his co-workers is that they have observe 
the subsuperior (subapical) “aiising from the dorsal, mesial, or lateral aspw 
of the right main bronchus.” Similarly, we have found that oecasiona j 
inclines to the medial or lateral side. In the former position it may gi'T rise 
to the medial ramus of the medial basal bronchus (B'b)t; but in genera 


tit should be pointed out that the precise level of branching of bron^i can 
mined pnly by opening the stem bronchus. Tliat Is. one J^nnot *'^|,,e7ower portion of 


mined only by opening the stem bronchus. Tliat Is. one cannot iQ^ver portion of 

view whether a dorsal ramus Is originating from the upper part of B “A^'^ATraphy. 

B° + This emphasizes the neoessltj' of preoperative bronchoscopy or bronch g 
. tin Fig. 3A, B* Is medial and Is taking over part of tlie territory of . 
replaced It. 
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Brock’H dr.suription applius to the visvinl nrrnnffemenl, nnnicly timt “typically 
[the saliaiMcal] nvispa fixini tlio posterior wall of the lower loljc hronchns—ns 
it were, in series with (the apienl hrouehml—. When it does not arise from the 
lower lolm Ht(',ni it may oripinnie from the posterior hnsjil hroiiehus—still rouplily 
parallel to [the al)ienl hronchns].’’ I'sinp Biwk'.s definition, however, we have 
found the suKsniierior oecurrinp in 100 ])cr cent of our .smaller scries of dis¬ 
sected specimens, in contrast to the 4S per cent ineidenee in his larpcr .series of 
170 hronehogmms. 

nitherto the sulwiiperior has been disens.sed from the standpoint of its 
oripin on the hronehinl free, hhinally important is its distrihittion on the surface. 
Turninp first to the stihsuperior i>rot>er (B”), analysis of the fifty injected 
speeimens shows that in all hut one of the thirty-one specimens in which it oc- 
etirs (Tahle IV), it aerates at lea.sl the jm.sterior serUor of the ripht lower lolte. 
In 3t) i>er cent it distrilmtes to at least the posterior and the adjacent pnra- 
\Trtchrnl area, and in 112 per cent it aerates at the least the pastcrior and the 
adjaient posterolateral area. It would seem. then>fore. that to t>c a stihsuporior 
proper this hroiiehus tntist sitpiily at least the jiosterior sector hut that it may 
spread either metlially (B*, Plate 2, No. -IS) or latendly (B*, Plate 1, No. 43) 
or in both directions (B*, Plate 4, No. 49i. 

Por iiercentnpes of tyiies siS' Table IV. 

T.ini.r IV. Distiuiiltion' or Tin: Srosrrniior. (It*) 


_ Aiir.r __ rrii rr.sT 

Posterior mat ndjimsil jsinivorletinit PO 

Posterior and ndjneent ineierolnienil 1(1 

Posterior, pnmvertetimt, and poslerolnlemi IS 

Posterior alone .S 

Posterolnteml alone 2 


When the aiilisuperior proper Is absent, its rone is usually smpplied by a 
dorsal ramus arLsinp from the posterior basal bronchus {B’“)—level dj of Achy. 
This Is the ramus we have called the ncees.sory subsuperior, BX* (10). It, too, 
almost alwn.vs supidics at least the posterior sector (Plato 2, No. 42) but may 
spread medially to the paravertebral area (J’late 3, No. 4C) or latorally to the 
posterolateral zone; or it may he dLsplaeed medially or laterally (Plato 1, No. 
40) by one of the deep brunehes of B". Por percentapo of types, see Table V. 


TAm.E V. DiRTnimrnnN or thf. Ai'it.mhouy .SiiBBreKiaon (HX*) is the Absesce of a 
S uiwerEuioii (IP) 


ARKA 

PER CENT 

Posterior iilono 

28 

Posterior nnil ndjciccnt pnrnvortobml 

4 

Posterior tiJid adjacent j>osterolutoml 

4 

Postorolatcml alone 

2 

Totnl 

28 


When both the subsuperior proper and tho accessory subsuporior arc 
present (48 jier cent), tho latter either distributes to the area beneath the former 
(BX*, Pip. 9) Qj. siiifts medially, or to the lateral side of it (BX*, Plato 2, No. 
48), or telescopes it (Pip;. 8). In only one-sixth of these specimens docs BX* (10) 
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supply SO low a zone as to be eoiLsidered part of the posterior basal rather than 
the subsuperior segment (namely, No. 50, Plate 3).t 

When there are two accessory subsuperiors (8 per cent), one may lie beloiv 
the other, in the postenor sector, or they may lie side by side (BX*, Plate 2, 
No. 48). If the lower one distributes too inferiorly it may be considered a part 
of the posterior basal segment (namely. No. 39, Plate 4).f 



»I6 

Fig. s. 


«38 

F]&. 9. 


Figs. 8 and 9.—The costal sui-face of two injected I” 

tions of the subsuperlor proper (Bp and of me centimeters below 

each specimen B* arises at a level between B’ and and BX sev.ra^ No. 38, « . 

this from B-». but in No. 16. BX* telescopes the zone suppHei b> » > w^ gub- 

lies Inferior to it. These specimens belong to that per cent ot lu gs 

superior proper and the accessorj' subsuperior are present in the same lo superior 

Specimen No. 38 also illustrates the t^jt that the medial ramus the 

segment may take over almost the whole of the Parav^rteb^ area, 
superior segment may extend nearly to the diaphragmatic surface. 

Of special interest are the 12 per cent of specimens in which ^ 
superioi’s are present in addition to one, or even two, 

(Table III, Item II:3[1] and 11:4). In the former type one B maj 
above the other but they distribute to zones ljung side by side, as B ^ 

B- (second) in Plate 3, No. 50. Thus, they simulate the zone^ppbe J 
.tivo branches of a single subsupenor (B,* a and b, Plate 1, N . , 

Pig. 1,A). 

tin such specimens the bronchi which by *th^se^few specimens one tlws 

^ (-ee Plate 3. No. 50). 
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THE RASAL RRONCITI (n’''") 


Tlio bnsnl bronchi nre four in numircr niul nrisc from tlio bnsal trunk—tbnt 
portion of tlio lower lobo bronchna which is distal to tho mipcrior sogmontnl 
bronchus (B‘). As seen in cross section (FMg. ],B). the major branches of the 
basal stem arc soon to rndiato in different directions. The medial hasal (B’), the 
highest brnncli, arises anteriorly (Fig. 3,A) and is distrilmtcd to tho anterior 
and pamvertcbml surfaces (Fig. 1). Tho nc-Kt branch, the anterior hasal (B’), 
arises antcrolatemlly (Pig. 3,C) and distributes to the anterior surface and 
lateml costal area. Tho no.xt two segmental bronchi arise from a common stem 
which passes downward in a somewhat posloromcdial direction (Fig. 3,C). The 
posterior hasal (B’'') continues tho direction of the common stem and distributes 
to tho paravortobral surface and posterior costal surface. Tho lateral hasal (B") 
diverges in a jmstcrolaternl direction, supplying the posterolateral sector of tho 
costal surface. For this reason it apiiears to be a lateral branch (V,) of the 
stem hronchus of Aoby (Fig. 7,A). It is useful to think of it this way provided 
ono does not accept all the implications of the Achy tbcoiy. 

Another useful concept Is the one advanced by tho Bussinn surgeon 
Ifclnikoff (1922)—namely, that in di.s.secting the lung the lower lobes seem to 
separate into a series of oblique overlapping layers. Wo would restrict this to 
the last three ba.snl soncs (B‘, B", B'") and add tbnt B' is applied at right angles 
to these (Fig. 2,71; comiiarc also with overlapping bronchi in Fig. 7,B). 

1. The Medial Vasal Segmental Vronehns (V’). —The medial basal segmental 
represents the cardiac or infracardinc bronchus of mammals, which in most 
species occupies the space iK'tween the heart and the diaphragm. Its position 
on the stem is also clmraclcrislic, it being the only bnsnl bronchus which con¬ 
stantly arises antcromcdinlly (see Fig. 7). Because of this position ono would 
anticipate that it would distribute to both the anterior and tho paravertebral 
surfaces. Such is tho ease in 78 per cent of tho 50 specimens o.xamined.t 
Typically, it divides into an anterior (B’a) and a mc<linl ramus (B'b), the line 
between the two falling, usually, in the sulcus of the inferior vena cava (Plato 
■i, No. 39). 

In 14 j>cr cent, B' was found to be absent us such—that is, no bronchus 
having tlint origin was distributed to that territorj-. In such specimens the 
anterior and paravertebral components of tho rA>uo were aerated by two displaced 
bronchi, ono being an acccssorj' branch of the anterior basal (BX'a from B*b) 
and tho other an accessory branch of tho subsuperior (BX’b from B*). In the 
remabiing specimens (8 per cent), B' supplied only tho anterior surface but 
these wore peculiar in that while B’ arose nominUy in one specimon (namely, 
Plato 3, No. 4G), both of its rami were distributed to tho anterior surface c.v- 
clasivoly (see also Fig. 3,.;1). In the other three, only the anterior ramus arose 
in the usual position, tho medial ramus originating ns an accessorj- bronchus of 
the sub superior (B*) or of tho posterior bnsnl (B'”).| 


..^7^0*0 ob»er\’aUont aro Uiua In accortlonco with tho recent ftffure* of Luclcn and Beau 
1946) but at variance with Jnekron and Hubor’e account of the extent of thU aerment 
“wr iiffurca ehow no dlitrlbution of the medial boaol broncliu* on the paravertebral lurrace. 

, Jit U IntereMlnp to note tlmt Huntington (1020) used the cardiac bronchu* of raam- 
n” tunimple of the method of formation of accessory broncliL He said, ‘'It happen* 
tm^rf 1 Y ^ peripheral lung »«^ent receive* It* bronchial ■upply from two ■ource*. The 
whKk i* of each contrlbutmg bronchus are closed off within the segment of the dUtrlct 

Donpisf. and do not communicate with those of It* colleague. Tog^er the two com- 

make up a topographical pulmonary district ordinarily sor\-o<l by a single bronchus.** 
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'I'Aithr, vr. Mkdiai, lUdAi, HI':<imkn'I'Ai, niioNJcnruM ( 1 ( 7 ) 
i. lO pi'CHciit (III lidlli Hillcii of lliii |iiilitii>iiiirv ll|;iiiiiiMi|,. 


I. I)1hI rlhiili'H Id iiioi'd lliiiii diid-liiiir iil' llui 

IdWdi' iiiildi'ldr Hiirl'iuM' 

11. DIhI riliiildH Id niid-liiiir (ir I(!mh Hum dii(>-Ii(iir 

of llid Idwi'i' iiiilcrldr Hiirriicii l!'l%| 

1 r. 117 wlidlly iiiildi'idi' 

I. Ildlli niiiii |)i'(‘ti('iil, (Nil. 'Id, I’liil.o ;i; li’l)j, It) 
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Tlic, ('.Nlciit (if 1li(' niilcriol' .siifi'iici! .siipiiliml by iih nuiimiirod iiIidiij: llio 
(|iu|)lii'iijfiiiiHid iiKii’wiii, id viii'inblo. Accoi'diiip; lo Bnic.l;, "il, coniiiioiily (Hic.iiiiic.s 
IcHH 1 I 11111 II liiiir of llic iiiilci'ldi' iiiiii'ffin,” bill, iih inny lio .scon in Tiililc VF (lli'iii 
I ;I) il, (l(•(■ul)ioH moi’c limn onc-lmlf of llm iinloi’ior Hiii'riico in l.wo-lliirdH of Flii; 
lyiiiciil .siK'i'iniciiH. If nil nrc inoliKlotl llml, Imvc. n B’ of lypicnl orif'iii (H(! jior 
coni), B" oconpit'.s l\vo-1 liird.s or inoir of Ibo nnto.i'ior Hiii'fiioo in 50 por ooiil, of 
spcoiiiionH, ono-lmlf in 2 H per cent, nnd only ono-lbird or Iohh in H per ooiii. 

IIh imrnvorlclirtil ('.xl.onl, is iiIho vnriidilo, riinuintf from 1111 iii'oii oxcocdiiiK 
ono-lmlf of llio vorlionl o.xloiii, of llml. Hiiri’noo (J’bilo 1, No, ‘10) lo 11 Hiiiiill wiiii! 
Ill, Ibo oxiroiiio lower end of Ibo lobe (Plnlo 2, No, dH), J)i only one iilHliiiicp 
did il inviido Ibo oosliil HiirfiKss (Plnlo 1, No. dO). Wbon it fniN lo oi’Otipy ll'i’ 
pnriivorlolmnl nron or .siipplioH only n niininml portion of it, l.ho voiiinimloi’ of 
ils lorritory is Inkon over by nd.inoont bronobi--B"n !)), 01 ,; IP (1’liilo‘A 
No. dH), or n niodinl brniiob of IP" (Plnlo 0, No. dli), or niiy oonibiimtion of iboW' 
Of .spocinl inloro.sl, nro, Ibo oimo.s in wbiob B^ i.s nli.sont (lloni 111, Tnblo Vl)i 
or wbolly nnlorior (llont II), witb tbo inodinl rnnniH (IPb) dovolopiiiK tin nt' 
noooHHory brnnob of Ibo suIwuiH'.rior. In hiio.Ii iiiHlniioo.s Ibo subHuporior iii'iw'n, 
from n po.sloromodini po.sition (hoc IP, l''ifX, IF, A), nt tbo. Hiimo lovol on Ibo b’oo 
IIH IP, In Ibis poHilion it could well bo misinkon for tbo, Inllor, and iippiiroiill) 
tlmt is Ibo inlorprolnlion p:ivon by Nolnoii in b’iit;. 2 of bis IDII'I iii'ticlo, 
lo(^l bim to minimizo tbo importniioo of tbo modini basiil soKinont: "Pn 1'^ 
rigbt sido Iboro is n .sopnrnlo onrdino brnnob nrisinij: from Ibo modial wall 0 
tbo lower lobe bronobns; it runs downward nnd sliirbtly inwards mid backwiitiM, 
lo supply u small nron just below tbo root of Ibo liintr. On ncooiml of ilHHinii 
si/, 0 , this bronebuH will not bo oonsidorod iifpiin,” 

j,)ov(') (IDOO) noted an inoisiirn on Ibo dinpbrafitmnlio surface in 115 per ('ua 
of .IKO lunt^s, b'rom ils posilioii bo judi^od tlmt Ibis iniiisiiro doimircalod a na'ii^ 
corrospondinc; lo Ibo onrdinc, lobe of iimmiimls. A similar iiioisiiro ol yai,\ at 
do))tb was ob.sorvod in IIH |)o.r c.ont of Ibo 50 spoc.imons in.joolo.d in Ibis laboiiKoi.ij 
In nil but 2 jior cent, tbo inoisuro innrkod tbo Inloriil boundary of tbo 
basal sop:mont. Two-lbirds of tboso were pronoiinood and smiio would la'o 
lioon domoustrnblo roontp:onoloa:icnlly. All of I bom woiibl bnvo boon nobs iipai 
Hurrrlonl ox))loration. 
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In tins connection, n word imist ho said nhout tlic rolntinn of tlic indnioimiy 
lignmcnt to the niodinl hiusnl sopniont. Roth Dive’s FIr. 0 nnd Brock’s Fig. 04 
portray the indmonnry lipiinicnt ns rofloctcd from the lunp nt tlic jiosterior 
boundary of B' (sec Fip. 2, 11). In the InrRo majority of siiccimcns, however, 
the pulmonary ligament is rcfleetod from the lung just upon or just posterior 
to nliat these authors call the “horn-like iirojection of the cardiac segment.’’ 
In other words the right “retro-perienrdinc recess’’ is shallow, necessitating 
soverance of the pulmonary ligament in an interlohnr approach for resection 
of the medial ha.sal .segment. 

Bccnu.se of the fissures just noted, nnd the .superficial position of the segment, 
nnd the aecessihle (high) origin of the hronchus, it is fell that this otuc consti¬ 
tutes a .surgical unit which may lie readily rc.scctcd. Indeed, there is nt least 
one published instance (Seanncll) in which this has been succc.ssfully aecoin- 
plishcd, for removnl of a hronehiectntie scgnient. 

2. The Anterior liam! Hramrnlul Itnmchus (If). —The anterior hasal seg¬ 
mental hronchus is the second of the hitsal bronchi and arises a little below B" 
from the anterolatcnd aspect of the Iwisnl trunk (Figs. (1 ,11 and 7). It is remark- 
nhly constant in its distrihution, dividing into Intcnil (B*a) nnd basal (B*h) 
rami. 

The former .suiiplies the lower middle-anterior nnd lateral costal surfaces of 
the lol)o (Plato 3, No. 4fi). In only 4 per cent of the fifty specimens could it 
be traced to the diaphragm. The upper limit of its distrihution coincides with 
the inlerfis.vtral crest, a more or less inconsincnous ridge on the lower lobe mark¬ 
ing the junction of the upper nnd middle lolic.s. In 4 per cent of sjiceimenR it 
gives off an accessory branch (RN'c) which extends almve the intorfis.siu'nl crest 
to invade the lerritoiy of the superior segment (I’Intc 2, No. 42; Plate 4, No. 39). 

The hasal ramus (B'h) distributes to tho lower anteifor (interlohnr) and 
lower lateral costal surfaces of the lobe in addition to the anterolateral diaphrag¬ 
matic Rnrfnco (Plate 2, No. 48). Its extent on the interlohnr .surface is variable. 
Usually, it oecuiries only tlio latcrul third (50 per cent of specimens), as 
measured along the inferior margin. In IG per cent it extends medially jnto thg 
sulcus of the inferior vena cava by virtue of an neecssoiu- ramus, BN'a (Plate J, 
b(o. 43). In one instance B*h was displaced, occurring ns an neccssorj- remus 
of B” (Plate 2, No. 42). In still another specimen tho anterior .segment occurred 
a-s a bifid lobe (Plato 4, No. 40). This was the only example of an incisure 
lietwecn B’ nnd B®. 

In three of the four specimens in 10111011 B' was absent, B'h sjircnds more 
Proteriorly; in the fourth it has an neccssorj' bronchus (BX’b; Plate 1, No. 40). 

In concluding this section, we Ijclievc that the anterior ba,sal segment, like 
the medial hasal, is readily resectnblo; for its bronchus has a high anterior 
®i''gin, its distribution is fairly con.stnut, nnd its medial border is frequently 
marked by an incisure (3G ])cr cent of specimens). 

3. The Latcralllnsal Segmental Bronchus (S').—The Intend hn.sal segmontal 
ronchus usually arises from the aiitcrolntcral aspect of tho short common stem 
° B» and ■'> (Pig. 7 , U). jn only 10 per cent of specimens was this a long com- 
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mon stem. In another 8 per cent, B® was entirely absent as such. We agree 
with Brock that it is smaller than the anterior basal (B®) and appears much 
more like a secondaiy branch of the posterior basal (B^®) than an important 
independent branch. It is distributed to the posterolateral sector of the basal 
half of the lower lobe (Plate 2, No. 48). 

Almost immediately after its origin the bronchus divides into lateral (B®a) 
■ and basal (B®b) rami. The lateral branch, when present (86 per cent), is 
quite constant both in origin and in distribution, supplying in 74 per cent of 
specimens the posterolateral area adjacent either to the subsuperior bronchus 
(Plate 4, No. 49) or to the displaced subsuperior bronchus (Plate 3, No. 46). 
In a fifth of this 74 per cent, the lateral ramus even encroaches upon the sub¬ 
superior zone (see Plate 3) and might be considered to contribute to that in¬ 
terpolated segment. An example of its infrequent lower position may be seen 
in Plate 2 (No. 48) and Plate 3 (No. 50). The latter is the only case in which 
it extended to the diaphragm. In the 14 per cent of specimens in which it is 
absent its place is taken by a subsuperior (10 per cent; Plate 1, No. 40) or by 
the lateral ramus (B®a) of the anterior basal (4 per cent). 

The b/isal branch (B®b) supplies the inferior posterolateral costal area and 
the corresponding sector of the diaphragmatic surface (Plate 4, No. 39). In 
the 8 per cent of specimens in which it Avas absent its place was taken by B®b— 
by spread of that ramus in three instances, and by an accessoiy branch of that 
\ ramus (BX®b) in one instance (Plate 1, No. 40). 

4. The Postenor Basal Segmental Bronchus (B ^°).—The posterior basal seg¬ 
mental bronchus appears to be the continuation of the right lower lobe bronchus, 
particularly the branch here designated as B*®b (Figs. 3 and 7) which extends 
to the inferior posteromedial oomer of the lobe. In dissecting specimens it has 
been found most useful to locate tliis ramus first, then the other bi’anches may 
be quickly identified. 

Typically B^° breaks up into three major branches. The highest (formerly 
numbered B’“a, Boyden 1945) has already been demonstrated to be in reality a 
displaced subsuperior, and accordingly’- has been redesignated'BX* (10). It vdU 
be recalled that this is a fairly constant branch occurring in 86 per cent of 
specimens (see Table III). 

Having disposed of this high dorsal branch (from Aeby’s level 3), let 
now consider the two major branches of the posterior basal, herewith designated 
the laterobasal (B^°a) and mediobasal ramus (B^®b).t In over one-half the 
specimens (58 per cent), B^°b arises somewhat behind B^^a, but in virtually a 
cases both rami are distributed to both the costal and diaphragmatic surfaces. 
In addition, B^°b is distributed to the paravertebral surface (for example, Plate 
4, No. 49). Occasionally (10 per cent), a particular paravertebral branch o 
B^° may be noted, but it is not constant enough to merit a name. 


SUMMARY 

The disti’ibution and aiaangement of the segmental bronchi of the light 
lower lobe have been studied in fifty fresh lungs by the following metho ^ 
(1) the successive injection of the principal bronchi by differently co ore 

.fThese are the rami formerly designated by "Boyden (1945) as B'''b and B c. 
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golntlu masses; (2) tlio nccurnlo slicicliinf; of each iiijcclcil lobe, to record tlic 
surface distribution of tlio bronelii on interlobar, costal, and diaphragmatic 
surfaces; (3) the dissection of caeli lol)C, to verify the distribution of bronchi, 
and to ascertain tlicir mode of Iimnching. 

Prom these data it has I)ocn possible to establish the prevailing pattern 
empirically, and to analyze the principal variatioiLS in the light of that knowl¬ 
edge. 

As viowerl from the interlobar surface the riglit lower lolre may be divided 
into superior and basal zones, the line of separation usually falling at the 
interflssural crest. Posteriorly, an interimlatcd, “subsuperior” zone can bo 
demonstrated between .superior and ba.snl segments in 100 per cent of .sjTccimens 
(vide infra). 

The Superior Seii>iHu (.—Since the sn|H-rior segment is re.sectablo, it is 
important to know its extent. Prevailingly, it “cups” the basal segments hori¬ 
zontally, but in 38 per cent of specimens it is obliquely fitted to the basal seg¬ 
ments. Usuallj’ (in 78 imr cent), it occupies the upper half of the lobe, but it 
may occupy two-thirds of the lobe (S imr cent) or only one-third (14 per cent). 
On the paravcrtebml surface it may o.xtend two-thirds (or more) of the way to 
the diaphragm (30 per cent of a|iecimcns). 

The .superior segmental bronchus (IP) has three eon.stant rami—a medial 
(B'a), a superior (B°b), and a lateral ramus (B"c)—but it rarely trifurcates 
(G per cent), the prevailing pattern (8G percent) being a bifuismtion into B"a -t b 
and B'e. On the interlobar surface the superior segment is usually fused to a 
greater or lesser degree with the right upper lobe; and in five out of cloven 
consecutive specimens c.xamined for this purpose a branch of B‘b was observed 
to supply the adjacent portion of the right upper lobe. This may explain how 
consolidation of the lower lobe, in lobar pneumonia, may extend into the adjoin¬ 
ing area of the upper lobe. 

The suisuperior zone is a constant im.storior 7A)no interpolated between 
superior and basal segments. In tliis scries of dissections it has boon identified 
in 100 per cent of specimens, ns contrasted with Brock’s identification of only 
48 per cent in a series of bronchograms. It is supplied bj' one or more posterior 
bronchi of inconstant origin. These arise from levels 1.5 to 5 cm. below the 
orifice of the superior bronchus (B‘). For tliis reason, tlio bronchi supplying 
this zone have been indicated by the noncommittal designation, “B*” (Boyden, 
1945). 

In general the principal levels of origin correspond to Aeby’s dorsal bronchi, 
dj and dj (the first doiaal bouig tlic suimrior bronchus, B“). That posterior 
bronchus which aif^ from Level 2 (that is, from the common stem of B*- '• 
or B’*'") ia designated the “subsuperior proper,” B*. That imstorior bronchus 
which arises from Level 3 (that is, from the trunk of B'”) fs designated the 
‘accessory subsuperior,” BX*(10). 

In about one-half the specimens (48 per cent), the subsuperior bronelii 
‘®se from both levels, and range in number from two to four. In the remaining 
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one-)ialf (52 per cent), there is only one snbsuperior bronchus—more commonly 
BX* (38 per cent), as against 14 per cent with a snbsnperior proper. 

Primarily the subsiipeiior zone lies in the posterior sector of the lobe, hut 
it may spread laterally or medially'. It is a common site of lung abscess. 

The hcisnl bronchi are four in ntiniber and tend to radiate from above 4o\ni- 
ward into tlie anteromedial, anterolateral, posterolateral, and posteromedinl 
seetoi-s of the lobe, respectively. 

The medial-basal sccjmcnial bronclms (B^) is the highest in origin. It 
distributes to the zone that lies on either side of the pulmonaiy ligament (78 
per cent of specimens), and is placed athmart the other basal zones—that is, it 
occnjiies a plane virtually at right angles to the others. This segment con-esponcls 
to the cardiac lobe of mammals. Therefore, it is not surprising to find an 
incisure of varying depth separating it from the anterior-basal segment in 36 
per cent of specimens. In two-thirds of thi.s number the incisure is possibly 
deep enough to have been visible in a roentgenogram. 

The bronchus to this “cardiac” region commonly divides into an anteiior 
(B'a) and a medial ramus (Bdi). The line between the two usually falls in the 
sulcus of the inferior vena cava. 

In 14 per cent of specimens the medial basal bronchus is absent as such, 
the zone lieing supplied by one or two aeeessoi'y' rami from the adjacent bronchi— 
B«, B*, or B^'’. 

Contrary' to Brock, the zone prevailingly oecnpies two-thirds or more of the 
anterior margin of the lobe; and contrary' to Jackson and Huber it usually 
extends onto the iiaravertebral surface. 

Because of the high accessible origin of its bronchus, the frequent presence 
of incisures and the supei'&eial position of this segment, it is deemed suitable 
for resection. 

The untei'ior basal segmental bronchus (B®) is remarkably constant. It 
arises from the anterolateral aspect of the basal trunk, a little below B'. It soon 
divides into a lateral (B*a) and a basal ramus (B®b). The former supplies the 
area on either side of the interlobar margin hclow' the level of the interfissura 
crest. The latter supplies the lower part of tliis sector including the corresponc 
ing diaphragmatic area. Usually' (50 per cent), B®b occupies only the latera 
one-third of the lower interlobar surface as measured along tbe inferior margiu 
of the lobe, but in 16 per cent of specimens it e.vtends as far medially' as t le 
sulcus of the inferior vena cava. In another 8 per cent it takes over the teiiitori 
of B®b. Occasionally' (4 per cent), the lateral ramns (B®a) invades the superior 
segment. 

Because of the high origin of B®, its fairly constant distribution, and t 
fact that its medial liorder is frequently' mai'ked by' an incisure (36 per cen 
it, too, is deemed suitable for resection. , 

The lateral basal segmental bronchus (B°) arises deep within the lobe 
is not considered to be readily' resectable. It is absent in 8 per cent of 
Typically it divides almost immediately' after its origin into a lateral (B a) an 
a basal bronchus (B®b). The former ramus, when present (86 per cent), su 
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plies the Interior Intenil zoiio ndjaecnt lo the Bui)sni)orior. ^Vllell absent, its 
territory is mii>i>liod by B* or B^l. The bnsal ramus (B®I)) s\ipplics the lower 
posterior Inteml se<*tor and tlie eoriTspondinj; diapbraKiimtie area. AVlicn absent 
(R per eenl), its territory is taken over by B"b. 

TJic j>ostcrior basal scf/mcufal bronchus (IB®) appcni‘s to l)e a continuation 
of tlic lower lolw bronchus—particularly the |•nmus B*®b whieli extends into the 
inferior, postcronicilinl corner of the lobe. Typically, B*" breaks up into three 
ninjor branches. The hiplu^t is that which has been already described a.s the 
accessorj' subsui>erior, BX*{10). It occurs in 8fi ]H‘r cent of siieciinens and is 
reflected upward or backward to supply the .sub.supcrior se^nnent. The two re- 
mainiiii? major brancho.s (the mediobasal, B’^b, and tlic lalcrobasal mmiLs IB®a) 
pass rcsi)ectively lo the paravertebral aiul pi>sterior surfaces, and to the cor- 
resjK)udin{' diaphragmatic scetoi's. 

Becau.sc of the inaccessibility of its origin, this broucluLs, like B®, is not 
considertK.! to be readily resectable. 
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AN ANALYSIS OF VARIATIONS OF THE SEGMENTAL BRONCHI OP 
THE LEFT LOWER LOBE OP FIFTY DISSECTED, AND 
TEN INJECTED, LUNGS 

Roger M. Berg, B.A, and Edward A. Botden, Ph.D., BIinneapolis, Minn., and 
Franklin R. Smith, M.D., Rochester, Minn.* 

INTRODHCTION 

A SURVEY of the literatui’e of the bronchopulmonaiy segments leaves one 
with the impression that the left lower lobe of the lung is a somewhat con¬ 
densed or even defective version of the riglit lower lobe: that if one understands 
the pattern of the right side it is necessary to remember only one or two modifica¬ 
tions—such as the union of medial and anterior basal bronchi—to comprehend 
the left. 

Such at fii’st was our experience. Soon, however, if began to appear that 
the left lobe, although capable of being compared with the right, is distinctive 
throughout. Thus, for instance, the rami of the left superior segment have a 
different system of branching, the left subsuperior zone is prevailingly postero¬ 
lateral and not posterior, the left anterior basal and not the left medial basal is 
the “defective” bronchus, the lateral branch of the left lateral basal contributes 
to the subsupex'ior zone, and the left posterior basal, in a thii’d of the specimens, 
is characterized bj’’ a prominent paravertebral ramus. 

Hitherto, only Brock (1942 to 1944) seems to have made anj" detailed study 
of the variations of the lower lobe segments and he has largely confined himself 
to describing the varying extent of the segmental bronchi. Our purpose has 
been to establish the prevailing pattern in a large number of specimens and from 
this firm and hitherto unestablished base to analyze the significant and puzzlmg 
variations which are so frequently encountered. 

In general, the terminology of Jackson and Huber (1943) has been em¬ 
ployed, supplemented by the system of enumeration of bronchi developed by 
Boyden (1945). Also, throughout the article, the segmental patteim of the left 
lower lobe has been compared with that of the right, as recently presented by 
Smith and Boyden (1949). 


lOATEBlAL AND METHODS 


Tins study is based upon two sets of data; (1) a detailed dissection of fifty 
preserved specimens (R.M.B.) and (2) colored gelatin injections of ten fresi 
specimens (F.E.S.). 

In the first group, each lobe was dissected from the anterior surface and then 
accurately^ drawn. Supplementary sketches recorded the projection of has 
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bronchi on tlio (liiiplirnffiiintic siirfnoc, llic l)roncIioscopic n])poamnco of the 
orinccs (Iicrc inverlwl), and the Kcetors supplied by various hronclii—particu¬ 
larly the suhsiipcriors (for example, text Pigs, li and 0). 

In the second group, fresh apcciiueus were injected with colored gelatins 
(after Iho method employed in the .study of the right lobe, Smilli and Boyden, 
1949), and then allowed to harden only one dn.v or so before being dissected 
and dramt for publication (1C.A.I!.), for e.xninple, lMntc,s 1 to 4. 

By means of these two methods—dissection, and injection followed by dissec¬ 
tion—it has been possible to c.stnb!isb the prevailing patlenis and to display the 
common variations in the branching and surface distribution of the segmental 
bronchi. 


THE oaoss coNnornATio.v or the t.nrr i.owEjt lobe 

The left lower lobe has the s!m)ic of a cone, the iipi)er part of which has been 
compressed. It is divided for dcserijUive |)nrposes into four surfaces—namely, 
anterior, costal, paravcrlcbrnl, and dinphragmatie. 

The first two aro .separated bj- Iho sharp interlobar margin (Pig, 4, B, and 
A', Fig. 3), the second and third bv an ill-delliicd obtuse margin—the costopara- 
vortcbral—which occupies the interval between the heads and tubercles of the 
ribs (Pig. 4, 71 and Y, Pig. 3), and the anterior and paravertebml by the 
pulmonarj- ligament and hilum. 

The anterior surface (middle column of figures, Plate 1) is not a flat plane 
hat cxliibits a shallow .‘3-shapcd curve—that i.s, it is molded in such a way that 
the upper portion faces somewhat latcmlly and the lower portion somewhat 
medially. Usuall.v, the lower portion is subdivided into cardiac and interlobar 
areas by the frenum* of the upper lobe (.sec Idatc 1, Xo. r)2). Usually, ns in 
this plate, the frenum leaves the margin of the hilum lictween the superior and 
inferior pulmonary veins, Imt it may originate anywhere along the pulmonary 
ligament.j In several of tlio injected specimens it was coextensive noth the 
pulmonary ligament, and the upper lobo was fused to the cardiac area of the 
lower lolio. In such cases (Plate 4) this lingular portion of the upper lobo was 
aerated by small branches of the medial Imsnl bronchus. 

The costal surface presents a smoothly TOunded contour which may bo 
divided arbitrarily—^for the purposes of describing scgmeut.s—into posterior, 
posterolateral, and lateral sectors (Pig. 4, 7f). 

The paravertebral surface (Pig. 4, B) is molded to the posterior medias¬ 
tinum and is markedly grooved by tho descending aorta. As noted in the 
foregoing, the costoparavortebral margin is obtuse. For the purpose of describ¬ 
ing segments, its position in the plates is indicated by a solid lino (Plate 1, left 
row of figures). 

In the course of tliis study various degrees of fusion between upper and 
awer lobes wore observed. In the literature there is fi'equont mention of tliis 
conditi on—for example, Kent and Blades (1942) stated tliat tho interlobar 

tv by Churchill and Beliey (1939). 

the ox^aoa dliouailon, ace article by Boyden^ E. : Cleft Left Upper Lobe* and 

oPilt Anterior Bronchua. SurceiV, 1045. (In proas.) “ 
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EXPLANATION OP PLATES 


(Sketches rendered for publication by Lawrence B. Benson) 

Each plate contains five drawings each, of two injected specimens of the loft lower lobe. 
The large figures at the left depict tlic costal surface of the lower lobe, tlie large central ones 
the anterior surface, and the large figures on tlie right the dissected anterior surface (each 
X I4)- In addition, there is a reduced drawing of the diaphragmatic surface (X %) and 
a small sketch of the orifice of the basal trunk, 

Yellotp color Indicates distribution of superior segmental bronchus ; white, the sub- 
superior zone (B* and BX*) ; btue (primarily on anterior surface), the distribution of the 
medial basal segmental bronchus (B*) ; red, the distribution of the anterior basal segmenta! 
bronchus; blue (primarily on costal surface), the distribution of the lateral basal segmental 
bronchus (B“) ; green, the distribution of the posterior basal segmental bronchus (E"). 
Stippled areas Indicate cut surface of left upper lobe where it is fused with left lower lobe. 


Plate 1.—Specimen 62, This is characteristically capped by an obliquely placed su¬ 
perior segment (B“). Typical, also. Is the subsuperior zone (B*), in that it occupies the pos¬ 
terolateral sector of the costal surface. Its extension into the posterior sector is not typical 
(see Table lA^). The basal segments demonstrate the prevailing pattern except that the an¬ 
terior basal segmental bronchus (B') falls to reach the diaphragmatic surfaca The two dorsal 
rami of the posterior basal, labeled (BX*?), represent accessory subsiiperiors which would 
have been branches of the main trunk of B'* had the latter not bifurcated so high (see 
BX*[10I in No. 61). 

Specimen SI. This is atypical In that B“a2.' the deep branch of the medial ramus of 
the superior bronchus, has displaced the subsuperior bronchus (B*> latcralward, on the cos¬ 
tal surface. Also the stem of B’’-* seems to have rotated medially, leaving that portion of 
the anterior surface which is usually supplied by B’'a to be taken over by accessorj’ rami 
(BX'a) of the aubauperlor (B*) and of tlie lateral basal (B"), Accordingly. B' (and, to a 
lesser extent, B") supplies a much smaller than usual area. 


Plato 2.—iSpecimciv 66, This illustrates a subsuperior zone wbicb is supplied by acces¬ 
sory subsuperior bronchi BX*(10) and BX*(9), horn botli the posterior and the lateral 
basal bronchi respectiveljn Since these u.sually arise at the ton of their respective 
the tip of the cannula usually projects beyond their orifices leaving tlic zone unlnjmeo, as in 
this specimen. This lobe Is of further Interest In Uiat the superior segment is partiafij sepa¬ 
rated from the basal segments by a fissure. ,rrmto,.o6 

iJpecimeH 58, This very much resembles No. 51 (Plate 1), in tliat has dWiacM 

the subsuperior zone lateratfy. (In this specimen the zone i.s supplied by an accessor) 
superior, BX*, from the posterior basal, Bi*.) Incidentally, there are two acewsoo ^ 
superiors from B'", the second not quite reaching the subsuperior zone. Frwuently, as nc . 
a BX*(10) may arise conjointly witli a paravertebral ramus of B’k Also the anten 
basal (B*) encroaches on the medial basal (B"). but in this case B’a Is present. 

Plate 3 .—Specimen 65, This has a subsuporlor zone w’hlch is almost ® 
that in No. 53 except tliat it is supplied by two accessory subsuperiors , from om , 
sources—namely, high branches of both B” and B’, The anterior basal (B*) is repr^ 
by both of its rami, but again falls to reach tile diaphragmatic surface^ Here tne m 
basal Is separated from the other basal segments by a deep fissure, best snoun 
diaphragmatic surface. Such fissures are not uncommon (25 per cent). CRX*) 

Specimen 53, Here the subsuperior zone is supplied bj' a high accossoiy brMcn i 
of B'* -which is almost high enough to be a subsuperior proper. Also, it alsinounw 
posterior as well as the posterolateral sector of the zone, since B*a2 is oI 

sceclmen, the basal ramus of the anterior basal (BX*b) arises as an mW- 

the lateral basal (B*). Therefore B® appears to be restricted to a small area o 
anterior surface (B'a). 

Plate 4.—These specimens exhibit a fusion of the upper lobe with the lower iobe. t^ 
area of fusion extending a varying distance laterally from tlie whole leng^ of “i® P 
ligament. In each case the thin portion of the lower llngiilar segment (B®) -vvas ae . 
small accessory branches (BX=) of the medial basal (B’). The „f‘u„y basal 

in that the basal ramus of B’ arises as an accessory branclJ (BX*b) of the mca 

Specimen SO, Here the .subsuperior zone is very extensive, being Tbe'^lSt 

subsuperior proper (B*) and two accessory subsupcrlors BX*(8) and “v aiho die 

of these arises In conjunction with a paravertebral brancli of the Posterior i^ai, 
lateral ramus of the superior segment (B'c) has -n-hat appears to be “‘SP t 

the superior ramus (B«b7). This l.s the "cluster lyyie" of baanchlng noted m lau - 

Specimen Si, This Is characterized by three accessory Vmsal (B")' 

the top of the lateral basal (B*), and two from different levels on the posterior o ^ 
Although one of the last two arises some distance below the other, mlg sped- 

the same level. The rone as a whole Is somewhat depressed by n iarge a j EXT), 

men, the medial ramus of the medial basal arises os an nccoseory branch or x> i 
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fi'siirc wns incomplete in nbnnt 90 per cent of 277 lungs, being cnunlly common 
on each side. 

THE SUPEIIIOIt SKOMENTAI. unoxciiijs (n") 

The s)i))crior bronclins arises just Ijelow the npiicr lobe bronebns In such n 
IHwition ns to compiipnte roseetion of tbo lower lobe, tlmt is. iis keel lies only 
1 cm. lielow tbe keel of tlie lower lobe broiichns. It is tbo bigbest dorsal branch 
of tlio lower lolic and tbcreforc lias liecn considered liy Brock to be tbe principal 
site of lung alvscc.ss in tins lolto. As on llic riglit side, it breaks np into three 
con.stant rami—the medial bi-nncli (B^al ninning mwlinlly and domiwnrd, the 
superior branch (B"!!) ninning n|iwnrd, and tlie lateral branch (B"c) coursing 
Intcrally and somewlint downward. 

In mode of linincbing tlie inwailing pattern of B" agrees witli that of tlic 
riglit side in being bifurcate, lint differs in tlie foniinln. On tlie loft it nsnnlly 
divides into B"n and B"b + c. (49 [ler cent of specimens; Fig. 1, No, 37); on the 
right it divides into B°c and B“a + It (80 per cent).* Tbo percentages indicate 
that the brandling on tlie left side is moi-e variable than on tbo rigid, wbilo 
the lower and indopendent origin of B*!! suggests that the iianivcrtobral extent 
of the hroncluis will lie much gieater on the left side (vide infra). 

Tlie freiinciiey of the various types of Iminebing is indicated in Table I. 
The tj-po recorded in Item I: 2 (see Fig. 1, No. 4) is the one considered most 
“iiominr’ by Brock (1943). That in Item 1; 3 (see Fig. 1, No. 48) is the one 
dcscrilied for tlie left side liy Ewart (1889). This is the prevailing pattern on 
the rigid side. No one .seems to have ob.scn'iHl what is tormei] the “cluster 
type’’ (Item I; 4, see Plate 4, No. GO). Here, B'b is represented by move than 
one main branch. 

Trifuieation of B” is rdativoly uncommon (15 per cent; Pig. 1, No. 55), 
but not so rare as on Hio right side (G per cent). 


TaiilhI. Tun SerEniOR srJiHEXTAi. UnoNCims (B") 


Bifurentea Into: 

1. B«n nnd Bob + c 

(Fip. 1, No. 37) 

4.1% 

80 % 

2. Bob nnd Boa. + c 

(Ftp. 1, No. 4) 

17% 


3. BOfi and B«n + b 

(Fig. 1, No. 48) 

10% 


4. CluKtcr type 

6% 



(1) + b and B«b + t 

(2) Boa and + (B®b + e) (IMnto 4, No. 00) 

(3) Bob and (B*1 j + c) + B^n 

- Trifurmtoff Into Bon, Bob, B*k; (Fig, 1 and Plato 3, No. 55) _ 15 % 

The distriinition of the su]ierior bronclins is mnch like that on the right 
side but differs in at least two particulars. First, in tbe majority of loft lower 
lobes the superior segment cn]is tbe basal segments very oblicpiel.v, thus jircsent- 
'ug an anatomic hazard to the lescctiou of this segment. (On the right the 
Segment is horizontally jilaced in G2 j>cr cent.) This is due to the fact tlmt the 
ramus (B’n) extends dorniward along tbo pamvertobml surface to 

Tbo "tatlJtlcii for the rlffht ilde whlcli will bo roforrod to frequently are thoae nub- 
■ W Smith and Boyden (1949). * 
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within a short distance of the diaphragmatic surface—specifically, it reaches the 
lower tliird or less of the paravertebral sui’face in 57 per cent of specimens (for 
example, Plate 3, No. 53).* 

Second, in 45 per cent of left lower lobes, there is a large posterior branch 
(B®a2) which takes over the posterior sector of the subsuperior zone. It is 
represented occasionally on the right side by a deep branch of B®a, hut on the. 



left it is so striking as to luerit a special designation (B®a2, Fig. 1, No- 
Plate 4). In certain specimens in which B‘’a2 is absent, its territory is ta^e^ 
over by a large, postei’ior descending branch of B^c as in Pig. 1, No. 48. 
discussion of subsuperior zone.) 

•This flndlnc Is, therefore, at variance wltli the statement of Huizinea and Behr ( 
that “the lower limit of this dorsal segment is always horizontal. ’ 
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B®n is of furtlior intci'cst in (hat in 13 ])ci‘ cent of specimens, imrt of its 
pflra\Trlc)>ral territory is lakcn over i>y /ni noeessory hrsneh of the superior 
ramus (for example. BX®n, Fijr. (!, \o. 23;^PIntp T, Xo. 52); in nnollicr 2 per 
cent (lie lower twotliirds of the pai-nverlehrnl surface is taken over by a high 
nccesson* branch of B’®. The (list rihulion of thi^se neeessory l)mnehC8 is indicated 
in (he footnole to Table II. 

TAar.E IT. IA)WCKT Kxtent nr Kamvs (Hfla) os* tjik PAr.Avnr.TKijm\L Surface 


Twchthinlfl or more of (llfltanoo to dinpliniKiii (IMato ,1, No. 5.T) 57%' 

Hnlfway to dlnphmgni (Plato •!, N’o. tHt) 37%. 

Ono-lliini of dlutaon' (o dlnphmtjai 3% 

Kails to roacli pnmvorlolinii nurfnro nnd is roplnooil liy a bnincli of Hob 3% 


•In 8 rcr root ttie upper porttoji «f immvertrbml surface n.'plaooil by nn ncccMor>- 
pmnch of jj^h, SJoon Uiti' ocnirH nli{»i:r>tlier In only nor cent of i»(KH:lmcn5 It \roultI Aeent 
Uifit nlien tlvc nK^llnl mniuji (Irw^ntU the leiwrxt thrix* B n trnilonry for It* upper terrltoo* 
to be taken over by 11 ^). 

Discussion of tills KCftmcnt siiould not )h' coiiclndcd iritliont nicnlioning llio 
occurrence of n iiotcli on tlio InternI side of llic inlcrlolmr mnrgln of tlic lobe 
which marks llic sopnmtinn of tlic superior fisim the Imsnl seppnents in 6 per 
cent of specimens (I'’!.;. G, Ko. 8; Plate 2. Xo. oG) niifl of nn extensive fissure 
recently oliserved in nn mitopsy speeiineii. This is n mneh lower frequency thnn 
"as reported hy Deve in Id.s study of ISO infants (id per cent on the left, 30 
per cent on the riplit, 12 per cent liilntornl). Pievret, Coulonmn, Breton, and 
Devos (1938) did not give separate nKnivs for the two sides hnt ropovlcd the 
ocourrenee of the fissure in 20 per cent of spwimcits. Xelsou (1934) considered 
that this inconstant fissnro provided supportiin; ovidenee for his classification 
of the superior segment ns a sciinmte lohe, hnt it would seem that the fissnro is 
no longer necessary to the argument. 


THE sUBSUPEmon DaoNCiiu.s (n*) 


On the right side the snhsniicrior hronehns has been identified ns the second 
dorsal ramus of Achy, that one which arises from tlio stem bronchus between 
flic first dorsal or superior bronchus (B") and tlio origin of B° (B*, Pig. 2, A). 
On that side, it usually supplies the region winch occupies tlio interval between 
the superior and the jiosferior hn.snl segments in the posterior sector of tlie 
costal surface. On the left side, wc rrill .show that it arises from the same por¬ 
tion of the stem hitmchus (D*, Fig. 2, B), Ls distributed to the same horisontnl 
level, hut that it supplies the jmstorolatoi'a! sector. 

Noil, Qilmour and GwjTiue (1937) were tlio firat modem investigators to 
^ attention to this “site of localized patliologieal cliongo—an anatomical gap 
■n the distribution between the apical [B*] and pamvcriobral [B’°] bronclii.” 
Wlien this hronehns was absent tlicy noted that tlio "snhapical segment” was 
anpplied by a branch of the posterior basal (B'°). Smith and Boyden (1949) 
Confirmed these observations and named the two types of bronchi that supply 
this intermodiate zone the subsuperior proper, B*, and the accessory subsuperior, 
BX*(1 0),-f Because of the prevailingly dual and variable bronchial supply, 


of tho letter "X" Indicates that the bronchus supj^ylnc a fflven tono 
•'nothor portion of tho bronchial tree than Is customary. Tho flffure in paren- 
tuDtJi*a u of origin. Tlius indlcatos that tho subsuperlor rono Is 

bronciuj^”^ O' high branch of B" Instond of by tho second dorsal branch of tho stem 
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they did not follow Xoil in giviiitr this zone the stnlns of n segment, or number¬ 
ing it—heneo tlic nonconimiltnl designntioii H*. 

On tlie left side, tin’s inlermedinte zone is oqunlly conspicuous nnd clinically 
significant, but the bronchi supplying it are more numerouR. Tn n later article 
(1939) Neil n!id bis co-workci's stated that the subnpicnl bTOiichus [B*] "may 
be nlscnt on the loft side, in wliieh case we have found a branch going to its 
customary distribution nr’ising from the axillary hnsiil [B®] or from the ])ostcrior 
basal [B'®J." With this conclusion we would also agree, but it would seem that 
the evidence supporting it has yet to In' preseiitetl. 

In the first place, auulyvsis of the 00 st)eeimens indicates that on the left 
side, ns contrasted with the riglu. the s\il»supcrior proj>or (B*) always dls- 
tril)iites to at least the ]ioster<ilntenil sector and most commonly to both the 
posterolateral nnd latcnil sectors of this interme<liatc zone (see Table r\^ Item 
IV), wherens on the right side it is dislribiitctl primarily to the posterior sector 
(B*, Fig. 3). Furthennore, the angle it inakc-s with the anterior surface is 
prevailingly 40 to 45 degrees {23 per cent; see Table IV, Item Til: 1). 

For this reason, both the ui>peniuist dorsjd branches of B® and B‘® that 
enter into the composition of the sulwupcrior wgment must he considered acecs- 


T.mile ni. Oecnutr.Ncr of Srrwrrnnoi; ItHosciii (P* and BX*) 


1* Frwiirenrj' oC Occurronro in Cn U'ft f.owor 


1. Origin oxeluplvcly from lovol 4, (n« 1>mnHi 
o£ nmlu lower loW lironclnm Inawci'n (lio 
poporlor nnU Imwil lironolil) 

2. Origin exclusively from IrvH <1, (os on n«*- 
rcffwiry ffnlwaiporior, BX*(10) or hX*(0> 

3. Origin from both lovcln in ^unic niieclnicn 


IT, Detailed Analypi» 

1. Snhfluporior roprcwntoil by single Ijronrlme 
(t) Arising at <1, level (us B*) 

(2) Aririjig nt (1, level (ns BX*) 

(a) From top of Bjo 

(b) From top of B^* 

2, flubauperior reprewntod bv two bronchi 
(t) One from level (kCB*) nnd 

one from level dj(BX*) 

(a) B« nud nx*(t0) 

(b) B* nnd nx«(0) 

(2) Two from level d, (BX*) 

(a) BX*(0) nnd nX*(10) 

(h) lSvoBX*(iO) 

0 . Rulwupcrior rcprc5ontc<l by three bronchi 

(1) Two from level d,(B*) nnd one 

from level d^ BX*(10) 

(2) One from level il,(B*) nud two 

from level d„ BX*(10) nnd BX*(0) 

(3) Three from level d» 

Two BX*(10) nnd one BX*(0) 

L oulwui>eTior repreneutod by four broiicTi! 

(two from ciieli level) 





In SO 
rt. totrrr 




ioVest 



7% 

14% 



71% 

38%, BX*(10) 



227o 

48% 



100% 

100% 



22% 

50% 


7% 


(14%) 


]5% 


(34%) 

S->r 




7% 

73% 

OK/fi 

34% 

(32%) 

UVo 




48% 


(=%) 





2% 

17% 

14% 


7% 




s% 

n% 

2% 



100% 

11)0% 


tiVrcenlupe* In round numbern. 
tlMlA from Smith nml Boyden (l£Hf). 
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havo defined as tlic d. level. In 5 per cent it originates from tlie highest position 
indicated in Fig. 2, B, that is, above the origin of B’ in the remaining 

24 per cent it arises from tlio common stem of B" * 

Its position on the circumference of the basal stem is varied. In 12 per 
cent its orifice is posterior (or sligluly posterolateral); in another 12 per cent 
it is posterolateral; and in 5 per cent it is lateral (or slightly posterolateral). 
(Sec Table IV, Item II.) Neil and co-workers (1930) “found it situated dorsally, 
medially, laterally and twice ventrally.” Neil’s medial subsuperior is presum¬ 
ably one of tlie high accessory sub.sui)criors, BX*(10), which occasionally arises 
medially in conjunction with a high paravertebral branch of B'° (Fig. G, E 
and Plato 4, No. GO). Neil's ventral sub-suporior could Imvo been a high B'a 
with posterolateral branches. 



A. Right Lower Lobe B Left Lower Lobe 

*, —Dlafframa UluBtrrtlnc tjTlcal arromicnicnt of basal ncemonta in n ctom boc- 

® lower lob^ made Ju«t above tho dlaphrauni, and vicwoil from b«Iow. J., ripht 

Smith and Borden). Note that tho medlaJ baaol Mgraent (B^) U placed 

the other aoononts and that tho latter overlap each other ob poetulated by ilelnl- 
lower lobe, Ulustratlng ahlft In position ot B’: on this stdo It lies wholly lateral 
^“f^nlmonary llciament falling to reach the pamvortobml surface. That alto la now 
“W poaforlor basal segment (B’*) ; novertheleaa, la as extensive aa on tho 
ilKn Note that tho basal ramus of tho nntorobaaal aecment (B*b) supoHes the lateral 
of ^e costal aurfaco; tJiat the lateral basal aegment (B*) auppilea the posterolateral 
f^or; and that the posterior basal (B^) supplies the posterior sector and the paraverto- 
urai surface. 


This brings out tlie point tbnt it is often liard to distinguisli between a 
laterally originating B* (for e.\amplc. Fig. 7, No. 4) and the lateral ramus of 
the anterior basal bronchus, B*n (for example. Fig. 7, No. 41). In tho former 
®®a0) a lateral B* distributes primarily to the posterolateral sector of tlie sub- 
roperior louo but it has branches tliat take over tho upper anterolateral zone 
vl>A*a). Superficially tho two speeunons look somewhat alike, but when tlie 
orifice of B* is noted (Pig. 7, D), tlie bronchus is seen to arise more postoro- 
laterally, behind B°. 

In Pig. 5^ 

specimen No. 39 is somewliat similar, but lioro (Pig. 5, II) tlie 
™lce of the subsuperior bronclius is posterior, that is, behind all basal bronchi. 
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It is a siiI)SU))('rioi' both Wniisc of its oriiiiii and because of its distribution ; yet, 
again there is a secondary distrilmtioii to tbe Bhi zone. 

In specimen No. 15 (b’ig. 5) tlie sitimtioii is reversed. Hero tbe corrcsimnd- 
ing lironciins has a bileral origin in eominon witli R*b and tbcrefoi'c its main 
stem mast bo designated H’n. Tlie deeper portion of it, wbicb distributes to 
the snbsnperior zone, may lie called a displaectl snbsnporior, 1JX*(8). In 
specimen No. 37, B'a nmkc.s a lasser euntnbulion to tbe snbsnperior zone (see 
Fig. 5, C) and tlierefore is merely de.signalcd B"n. 



FIr. 6 ,— DrnwlruTK of two prosciroil »ix>clrnen« (X %) llhi^lmtlnp the prevailing (bl- 
OTHl atiTifcal (trlfurcnle) mode of division of the ba^nl trunk. A, JJ, 0, nro an- 
wior dissection, ortfleo of bojml trunk, nnd crone ncctlon, TOspoctlvcly. of npcclmen No. S. 
• rJf bifurcate# Into nn anterior (B'**) and a po*trrlor division (B****). D, E, are 

,^3*5'or dissection and orltlciN roapectivcly. of *iH?cImen No. 23, showing a trifurcation Into 
rl'?®. ■^enis, B*-**, n», and BK Jnchlcntally, these figures show how a high division of B* 
convert a subsufK-rloi proper (u*. 2*^, of No. 8) Into nn ncoossorj- subauperior 
tUX*[lti], of No. 21). 

Broek also realized Ibe difbcnlty of describing tbeso traimitional forms. 
His .solution for Imndling a laterally originating B* like tliat in Pig. 7 (No. 4), 
rs to call it a “snpernnmeraiy n.xillaiy anterior ba-sic l)roucbas,” as if it were 
the axillarj- (lateral) ramas of B* wbicb bad arisen bigber than nsnal—that is, 
hrom the main stem. In liis omi words he preferred "to restrict the name 
®"bapichl [snl)sui>crior] to the one incon.stant but commonest, posterior bronchus 
“nd to name and dcscrit)e any others separately (see axillaiy branches, p. G3).” 
Ilowever, bo apparcntl.v did not realize that the one inconstant snbsnperior 
’ronchas arising from tlio lower lobe stem on the left side distributes to tbe 
bosterolnteral sector. Tlias, if bis ])rctercuco were followed, most left snb- 
’‘"penors would have to Iw called sui>cmumerary axillarj’ middle basais, which 
"■ould destroy the useful concept of an intermediate zone interpolated between 
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the superior and Ijasal segments. Furthermore, Brock’s use of the term axillary 
to cover bronclii distributing to lateral, posterolateral, and posterior sectors of 
the lower lobe, while having perhaps a certain clinical value, is not precise 
enough to be of use in analyzing patterns. 

2. The Accessory Suhsuperior, BX^(IO ).—^An accessory subsuperior arises 
as a single branch of the posterior segmental bronchus (B^®) in 71 per cent of 
specimens and as two separate rami in 13 per cent. When single its keel lies 
typically -within a distance of 12 mm. below the keel separating B® and B’“. 
When two are present they originate at the levels sho\vn in Fig. 2, B, but may 
distribute to the same surface level (Plate 4, No. 54). In view of the marked 



lateral shift of B* on the left side, it is interesting to note that BX®(10) 
distributes to a posterolateral sector in one-half of the specimens in whic i 
occurs (Fig. 5, G, No. 37). This is in marked contrast to its behavior on 
right side, where it invades the posterolateral sector in only about one-sm ^ 
the cases in which it is the only subsuperior present. Tlie percentages oi 
left side are given in Table V. 

3. The Accessory Siibsuperior BX^{9 ).—^An accessory subsuperioi 
in 67 per cent of specimens from near the top of the lateral basal 
bronchus (B®). Like BXMO) its keel lies typicaUy within 12 mm ot tn ^ 
tance below the keel of B® and B"®. Prevailingly it distnbutes to the p 
lateral sector (see Table VI) and, as would be expected, makes an ang e o , 
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Taiile V. PJsn;mi*TJOX ok nX*(J0) 


1. Bwtor 

1, \Miolly I'wlcrior (Pluto 4, Ko. (iO) 41<>f’ 

Posterior nnd po^toroltitonil (Plnlc 3, Xo. oJl) 2^% 

n. Poptorolntoml only IG^f- 

4. Pofltorolntcnil ninl Intornl (iMnlo 2, No. 5S) 1% 

ir. Anplo \Vitli Anterior f^urfneo of Ia>1m* 

]. i.G-inO «lepr<H‘?< (Pinto 2, No. oS) ni% 

2. 4r»*.^0 (leprt'os (Fip. T. Jt ) 


45 (legix*cs M’itli the niitorior surface in tiu* majority of specimens (see Pifj. 3). 
However, it lins n slroiii: teiuloney to sliift lalenilly. In this I'cspect it rcsomhlcs 
llio suhsiiperior proper (see Tnl)lc IV). It is lioinologons with B'n oC tlie i-iglit 
lohc, hut on tiio riglit .side BV (loe.s not nsuiilly jwrtieipnte in tiie subsuperior 
zone, since tlie sulwuperior zone of the right lung is primarily restrictctl to the 
IKWtcrior sector. 


T.xai.r. ft. I HKTniiirrirt.s or PX*tO) 


1. Hector 


1. r<Htcrolnten\l onlv (PIjUo 4. No. .">4) 

40‘:^ 

2. Postorolntcrul nntl tfiiemi (Plato o. No. oj) 

14% 

3. Posterior, pfffllorolAterol, nial Inlentl 

n% 

4. Posterior and po^terolnterol 


II. Ancle With Anterior Hurfuor of lA^lte 


1. <40*00 dogTOOK (Plate 2. No. •’iO) 

45% 

2. 20*35 doffnvfl 

12% 

S. 70*00 decree-^ (Plate 3. No. .'w) 



To summarize this sector, it lias licon pointcil out tliat the criterion for 
defining the stilttuporior zone has been the prevailing distribution of the sitb- 
stipcrior broucltus proper (B*). On the right side, it is prcvailingl.v posterior, 
and on the loft, prevailingly poslcrolaleral. jVn.v additional bronchi that regu¬ 
larly distribute to this zone have therefore been called accessoiy snbsuperiors, 
notably BX*(10) on both sides and BX*(9) on the left. Certain other ex¬ 
traneous bmnebes that sometimes invade the posterior or lateral sector of this 
^ue—stich as the more posterior rami of B*o, B“c, and B'a—might perhaps be 
included. Indeed, Bwart describes “a central lozonge-slmiicd bronchial inter¬ 
space” in the left lower lobe formed by ‘‘tlie lcs.scr posterior liorizontal 
[BX*(10)] , . . together with the external mammary [B'a] and the rnidnxillni’y 
bronchus [BX*(9)].” Ilowevor, it seems sufficient to point out that sncIi 
extraneous branebes may invade this zone and to note the criteria by wliieb 
Ibey may bo distinguished from tho true sulrsupcrior and the more frequently 
eceurring accessory subsuporioi's. 

TIIE BASiVi. naoNcni 

'^^0 sulxlirision of the basal trunk below the level of the superior bronebns 
( *) is somewhat different on the left side from that on the right. On tho left 
le medial basal segmental bronclnis (B’) arises more antcrolatoially and 
nsunlly in eouiunction with tlie anterior basal (B"), instead of being tlie highest 
n most medial basal bronchus. For this I’easou various I'ceent nutliors have 
^nndored B' and B* collectively ns a single segmental bitniclms. Ilore, for 
purposes of description, at least, they will be treated sepoi'ntely. 
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Table VII. Mode op BRANcniNO op Basal Trunk* 


L Basal Trunk Bifurcates * 



87% 

1. Into Bi + 8 and Bb + to (Pig. 6, No. 8) 


67% 


2. Into bizarre patterns 


20% 


(1) B7 and B8 + (Ba + io) t(Pig. 5, No. 37) 

8% 



(2) Bio and Bs + (Bi + o) (Pig. 7, No. 4) 

7% 



(3) B7 and (B8 * o) + Bw (Pig. 5, No. 39)") 




B8 and (Bo * 0 + Bw (Pig. 5, No. 15) }- 

5% . 



Bi * 8“ and B8b + lo (Bo absent) J 




n. Basal Trunk Trifurcates! 




Into Br * Bo, and Bio (Pig. 6, No. 23) 



13% 


•The subsuperiors are Ignored in this classification, together with such minor branches 
as high paravertebral branches of E“. 

tResemhles tiTical pattern of right basal trunk. 

tCounted as a trifurcation when keels were not more tlian 4 mm. apart In another 7 
per cent the keels were a few millimeters further apart 

Below the point of origin of B’’ * ®, the basal trunk continues as the common 
stem of the lateral and posterior segmental bronchi (B® and B^°, respectively). 
In other words the prevailing pattern, contrary to what has hitherto been sup¬ 
posed, is a bifurcation of the basal trunk into B" * ® and B® (Big. 6, No. 8).* 
Trifurcations occur in. only 13 per cent (Fig. 6, No. 23). The percentage.s and 
varying combinations are recorded in Table VTI. 

THE MEDIAE BASAL SEGMEMTAL BRONCHUS (b^) 

The medial basal bronchus arises in common with the anterior basal (B®), 
or one of its two branches, in 87 per cent of specimens (Table YIII). This 
short stem emerges from the anterolateral aspect of the basal trunk. Prevail¬ 
ingly (47 per cent), B'^ lies somewhat anterior to B® (Fig. 6); frequently (35 


Table VIII. The Medial Basal Bronchus (Bi) 


I. Origin. 

1. Arises in common with. Bs (or one of its rami)* 

(1) lies in plane anterior to Bs 47% -q\ 

(2) B" and lie in same plane 35% (Plate 

(3) Br lies deep to Bs 5% (Pig- 7, No- 4) 

2. Arises separately from Bs on anterior side of main stem 

(Pig. 5, No. 37, No. 39) 

3. Absent as such but occurs as accessory ramus of Bb or as 

rami of Bo and Bw (Pig. 5, No. 15*; Pig. 7, No. 41) 

II. Distribution 

1. Supplies the whole width of the inferior portion of anterior 

surface (Plate 3, No. 53) 

2. Supplies medial 14 to % of inferior portion of anterior 

surface (Plate 2, No. 58) 

3. Supplies the whole inferior portion of anterior surface and 

also a sector of costal surface 

(1) By spreading of its branches (Plate 3, No. 55) 

(2) By virtue of accessory rami (BXs or IBS^b) 

(Plate 4, No. 60) 

4. Supplies medial % to % of inferior portion of anterior surface 

and also a costal sector (BXs or BX*b) (Pig. J, No. 4) 

5. absent as such; represented by accessory rami of adjacent 
bronchi (Pig. 7, No. 41) 


87% 


10 % 

3% 

55% 

20 % 

17% 


10 % 

7 %) 


5% 
__ 3 % 

•In one specimen B’ was represented in Its usual place by only <me of Ite ty 4, 
B'a; the other ramus, BT) was displaced, arising as an accessory branen 

tin one specimen B' and B*a arose together, more anteriorly than B’b. 


•Davis (1929) found a trifurcate pattern In 53 per cent of 32 lungs. 
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per cent), it lies in tlie snnic plnno (Plote 1); rarely (5 per cent) it lies deep 
to B* (Fig, 7, No. 4). 

Of special interest lire tlic 10 i>er cent of specimens in which B' arises 
separately from the hnsal trunk thereby .sinuihiting the appearance of its homo- 
logne in the right lung. Two siieli specimens arc displayed in Fig. C (No. 37 
and No. 39). D6vC (19001 was the first to deserihe this patteni and Dc Pablo 
(1940), rrngena (1943), and Foster-Carter (1946) have reported it more recently. 

In 3 per cent, B' is alisent from its usual ])osition, arLsing ns an ncccssorj- 
ramus of B° or ns rami of B* and B'" (Fig. 5, No. Hi; and Pig. 7, No. 41). 

Since the typical pattern in the left lung is chnmctcrijicd hy a common 
origin of B' and B', many dift’erenf vicw.s have liecn hold with respect to the 
nature of Bk Some authors (Achy, Kramer and Gln.ss, Nelson, Neil, etc.) 
.stated that B" is not reprciicntod in the left lower lobe. Others (Pierce and 
Stocking. 1939, Poster-Carter, 1942, Adams and Davenport, 1942, Jackson and 
Huber, 1943, Brock, 1943, etc.) relegate it to the status of a subsegmental 
bronchus or less. Only n few investigators, Bueicn and 'Weber (1936), Dc 
Pablo (1940), Appleton (1944), etc., maintain that B* is a distinct segmental 
hronchiLs, 

On the basis of its distribution in the sixty siiccimens jircscnted in this 
study, we have reluctantly come to the eonclusion that it .should be considered 
as a major bronchus. The mere fact that it arises in conjunction ynth B* is 
no more relevant than the fact that the segmental bronchi of the middle lobe 
have a common stem. 

Wlien the typical distribution of the left medial basal bronchus is compared 
"ith the right medial (Fig. 4), it will be noted that the two bronchi aerate an 
equally largo rone. The difTercncc is that on the left B’ has shifted laterally. 
Instead of supplying iiart of the pHraverlcbrnl surface and part of the anterior 
surface, it ha.s withdrawn from the pnmvertobral surface (contrary to Lucicn 
andlt^elicr) and c.xtencls from tho tmimonary ligament to the interlobar margin. 
Finally, analysis of the anterior Irasal bronebus (B*) shows that it and not B' 
'3 the defective bronchus (vide infra). 

The details of tho distiibution of B' aro recorded in Table VIII. In 65 
per cent of specimens (Item II: 1) it aerates tho whole inferior portion of tho 
anterior surface of tho lolre, ns measured along the inferior margin (Plate 3, No. 
®3). In a smaller group (20 per cent: Item II: 2) it supplies only tlie medial 
one-half to two-thirds of the lower anterior surface (Plate 2, No. 58). In the 
remaining 22 per cent in which B’ is jiresent (Itenrs II: 3 and 4) it invades the 
rWal surface, either by spreading of its branches (Plate 3, No. 66) or by 
'■irtue of accessory rami (Plate 4, No. 60). 

From another standpoint, it also deserves an independent status—namely, 
>ts resectability. Not only is tho hronclius available, being visilile at tho inferior 
®nrgin of the hilum (Plate 3, No. 55) but in 25 per cent of speeimens its medial 
Jordor (at tho pulmonary ligament) is marked hy a fissure which extends well 
nto the diaphragmatic surface (Plato 2, No. 56 and Plate 3, No. 65)1 In ad- 
I'on, there is usually a notch at that point. 
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Finally, mention should again be made of those specimens in which the 
left upper lobe is fused to the cardiac surface of the lower lobe. In some in¬ 
stances, may aerate this adlierent laminar portion of tlie upper lobe (Plate 
4, No. 54 and No. 60); in others, the latter is supplied by a lingular bronchus 
(Plate 2, No. 56). 

THE ANTERIOR BAa.VL SEGJIENTAL BRONCHUS (b®) 

The anterior basal segmental bronchus is the least constant of the basal 
bronchi of the left lowmr lobe and thus presents a marked contrast to its homo- 
logue of the right side; for in 27 per cent of specimens it is defective either in 
origin—that is, one of its two rami arises as an accessory branch of another 
bronchus—or it fails to reach the diaplu-agniatic surface.! 

Typically (in 70 per cent of specimens), the anterior basal arises with 
the medial basal (B^) through the medium of a sliort common trank which mar 
lie seen at the lower end of the hilum arising high up on the anterolateral aspect 
of the basal trunk (Plate 2, No. 58). In another 13 per cent (Table IX, Item 
I: 2), it arises alone at the site of the common tx'unk (Pig. 7, No. 41). la the 
remaining 17 per cent either its basal ramus (B®b) or its lateral ramus (B®a) 
is absent as such, being represented bj’^ an aceessoiy branch of another bronchus 
(Item I: 2, [2] and [3]). In general the aceessoiy lateral rami arise from the 
suhsuperiors, BX*(9) or B* (Plate 1, No. 51), and the accessory basal rami 
take origin from either the medial or lateral basal bronchi, B’ and (Plate 4, 
No. 54; Plate 3, No. 53). In addition, rami from adjacent bronchi may spread 
into the territory of B®, eroivding the latter, for example, out of the diaphrag¬ 
matic surface (Plate 1, No. 52). 


Table IX. Tue Ax-terior Basal Bronchus (Bs) 


I. Origin 

1. Arises from n sliort common trunk with B* 

2. Atypical origin 

(1) Bs arises alono from Basal trunk 
in its usual placet (Fig. 5) 

(2) Bsa only arises witli B" 

BXsb from Basal trunk 

BXsb from Bt> (Plate 3, No. 53) 
BX«b from B" (Plate 4) 

(3) BsB only arises with B^ 

BXsa from BX*(9) 

BXsa from B* (Plate 1, No. 51) 


70% 

30% 


13% 

S.3% 


S.3% 


11. Distribution 

1. Reaches diapliragmatic surface (Plate 2, No. 56) 

2. Fails to reach diaphragmatic surface (Plate 3, No. 55) 



tin one specimen B’ arose In conjunction with B”. 

The normal distribution of B® on the anterior surface is best illu^rot<rf 
by Plate 2, No. 56. The lateral ramns (B®a) supplies the upper half 
third to two-thirds) of that part of the anterior interlobar surface 
below the superior segment, together with the adjacent lateral costa sur 
(Plate 2, No. 58). Since the zone between B® and B®b is at the 
the interpolated subsuperior segment, the subsuperioi-s (B*, and BX i®” 

tin 17 per cent, It Is defective in number of branches "the 34 pe'" 

17 per'cent it falls to reach the base of the lung (Item 11:2). geements. 

are atypical In both respects, there remains a total of 27 per cent defective segm 
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froqucntly Rond nccesaon- brniiclios to tlic B*n zone (Fip. G, No. 23) nnd sonio- 
timea take it over completely (Plato 1, No. 51). 

The l)a.sal rnmti.a (B‘l)) typically snpplie.a the lower lateral half (lower 
third to two-third.s) of the interlolmr surface, that is, lateral to a line drar\Tj 
from the inferior inarpin of the hilnni to the lateral inferior angle of the lohe 
(Plate 2, No. 5G). In oidy 27 per rent of specimens does it invade the area 
medial to this line (Plate 2, No. 5S1. Its typical dia])hragmatie distrihution 
Ls shorm in Plate 2, No. HG. As notetl pi-evionsly, it fails to reach the diaphrag¬ 
matic .surface in 17 per cent of siteeiinens. 

Resection of this segment would seem to he feasihlc anatnuiienlly, on ac¬ 
count of the high origin of B* and the aeeessihility of the segment, hut it would 
seem necessary to nutiei])nte the numerous variatioiLs descrihed here. 


TiiK i,.\TKnAi. ims.M. KKOMKNTAi. imo.scnim (n”) 

Below the origin of B' • * the stem hronehns continues only a short distance 
(Fig. 2, 7?) Imfore giving off the lateral segmental hronehns (B’). On the loft 
side, B' nnd B'“ lie in virtually the same plane (30 per cent of specimens; 
Table X, I; 1) hut the keel .separating the two is so tilted that the orifice of B" 
lies slightly in front of B'”. 

Tauij: X. OiiKHN (IP Tin: LAn:i:.\i. Rnhai. Bboni'ih'S (B") 

i'Voin liRwil Tnink in ('oiimion W'itli H*'* D0% 

3. B* nml lUo Uo in muiu* pJnno (IMnlo 4) 809r 

2* B® llo* in n plnno nnlcrior to H*® 1, Xo. .^2) 10% 

11. Abfcot M Huoli (i.c. di«j»lnro<l) 10% 

1. Iloprei*ontc<l liy un noroAAitrr mniuf* of (Flfj. 7, Xo. -J) 7% 

2. HoprtTKTitfNi liy An n(*('ox,-*ory mnuu* of ll>®n | 

__3. RoprcAeotoil liy rami of nnd H'” i__ 


Usually within a distance of 12 mm. below the keel, a itrevailingly postcro- 
kiternl ramtus is given off in G7 jier cent of spccimcn.s. This contributes to the 
suijsupcrior zone nnd therefore has already been deserilMsl as an nccc.ssory sub- 
superior—BX*(9). It is the liomologuc of B"n, the lateral ramus of B” on the 
eight side. However, on that side B“ rarely contrihutes to the suhsuperior zone. 

Below this ramus the main stem of B' continues toward the dinphragmatio 
surface supplying the posterolateral sector of both the costal nnd the diaphrag¬ 
matic surfaces (Plate 2). 

In 10 ])er cent of specimens, B” is absent ns such, being represonted by 
displaced rami arising ns accessory branches of adjacent bronchi. In this 
■^ect it resembles the corrcs])onding hroneluLs on the right side which is 
altscnt in 8 per cent of specimens. In 7 i>cr cent it takes origin from B' (see 
EX” in Pig. 7 ^ i>}o. 4). In another 3 per cent it arises from cither B‘°n or by 
a multiple origin from B', B*, and B*". In contrast to this, the accessory BX° 
of the right lower lobe always arises fisjin B'. In both lobes, however, the 
oontrilmting bronchi are on the Intei’al side. As on the right, B“ is considered 
to 1 k! too deeply placed to he readily resected. 


TUB POSTEUIIOR BASAI, SEOMENTAl. DnONOlIUS (n'“) 

The posterior basal bronchus is the largest of the basal bronchi of tlie 
lower lobe and is considored by some embryologists to bo a continuation of the 
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paraveitebral branch in 30 per cent of specimens. Both B® and B^® originate 
too deeply to be considered readily resectable as individual units. 
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AIvVEOIiAR CELlj CAECINOJIA OF THE LUNG (FUE;^^ONARY 
ADENOIIATOSIS, .lAOZIEKTE?) 

A JIui.TicKNTnic Triinn oh Ehitiiw.iai. Onioix 

Nonjr.ix' C. DEiamif:, 31.1).,* a.vii Ev.urrs A. Gkmiam, il.D. 

St. Louis, Ifo. 

I T IS custoninrj' to lliink ol n caroinomn ns beiii;; n local disonso, nt least of 
linving originated in a small area. It is that conception, of coui'sc, which is 
rcsjionsihlc for the provnlonco of .surgical nllnck on tho condition. That the con¬ 
ception is correct seems to Im Ikhiic ont hy tho frequent success in obtaining 
pcmiancnt cures hy the surgical miioval of the disca.scd part together with tho 
extensions of the growth from its original site, llegnnling primary carcinoma of 
the lung the generally acceplcil idea, based on evidence accumulated irithin 
recent years, is that this condition not only ari.ses in a bronchus, and is theroforo 
more properly called hronchiogenic caroinomn, hut that al.so like other cai-oinomas 
it ari.ses in one sjx)t or area. Thcie cun be no doubt that this concept is true for 
the overwhelming majority of cases of primary caieiuoma of the lung. 

Yet a few case reports have appeared de.sorihing a typo of tumor, resembling 
a carcinoma, which seems to have ari.sen in the colls lining the alveoli mlhcrthan 
in a bronchus. Sloreovor, this peculiar tumor .seems to have a niultieontric origin 
and thus difTcrs from the common and well-recognised hronchiogenic carcinoma. 
In this respect it has some resemblance to the primary cancer of tho lung in tho 
mouse familiar to tho goncticists. Al.so it resembles tho interesting and .sup¬ 
posedly rirus dLsoaso of South African aheep, known as jagxiokte. 

Several interesting questioms arise in connection with this condition. If it is 
a true carcinoma arising in tho alveoli, then the controversj- nlmut whether or not 
the alveoli arc lined with epithelium seems apparcntl.v to l>c settled in the nlflrma- 
live. Tho similarit.v to jagzickle raises the question of a po.ssible virus infection 
m man similar to that in the sheep. Finally the question of tho best surgical 
treatment arises. 

It is because of these various considerations that the following case is pre¬ 
sented. A special reason for reporting it is that apiiai'cntly it has the longest 
follow-up period of any ca.se in which the patient has been subjected to surgical 
treatment. Tho result seems to indicate that a two-year jicriod of freedom from 
a manifestation of sjmiptoms after a lobectomy gives no a.ssumnco of eom'ploto 
eradication of the disease, ns propo.scd by Osscminn mid Ncuhof’* from their 
eiporicnce with a somewhat similar ease. 

Hue to the differences in opinion ns to its origin, tho particular tyqio of lung 
tumor chnmctcrir.ed by the presence of malignant cells lining the alveoli and 
ninintnining for tho most part tho general alveolar stmctui'c of tho pulmonarj’ 
Pnicnclij-nia (in tho absence of any demonstrable jirimary lesion elsewhere in tho 
bronchial tree) has been given almost ns mnny different names as the number of 
authors who have described the lesion. Despite tho number of reports in the 

nenarOnent of Sunifo*. Wiwhlneton Unlvornltj' School of McCIctno, and Bnmea 

I'uni, Ht. I.1OUU, MUwJurl. 

Rns'lved for pahlicntlon Sept. IE. 1848. 

-Nok at tho I>eiMirtmont of BurcoiT, Univerrtty of Toronto. 


237 



238 


THK JOURNAL OP THORACIC-SURGERY 


literature now there is still no uniformitj’' of opinion in accepting the tumor as 
originating either in epitlielial or mesenchymal elements, or, indeed in fact, in 
agi'eeing that it represents a tumor having a multicentric origin. 

It has seemed to us, however, that the preponderance of evidence available 
at present allows us to consider this particular malignant pulmonary lesion as 
multicentric in origin and derived from endodermal elements. Conseguently, it 
is permissible to encourage the use of the term “alveolar cell carcinoma,” imply¬ 
ing as it does the presence of epithelial cells lining the alveoK, malignant changes 
in which are responsible for the production of the tumor under discussion, and 
we shall attempt to present evidence offering a basis for this opinion. If a single 
name can thus be utilized in designating this specific lesion, the recognition that 
it is a distinct entity will be further encouraged, and ehnical, pathologic, and 
statistical knowledge of this lung tumor gathered on a more certain footing. 
Future inaccurate tabulation of alveolar cell carcinoma as a form of adeno¬ 
carcinoma of the lung of broncMogenic origin can also be prevented by this 
means. 


The historical data, incidence, signs and symptoms, and pathology were 
fully discussed recently by Hieda^'* and it is not proposed to enlarge upon these 
phases of the subject. In brief, the tumor has been reported to occur in two 
forms, a nodular variety and a diffuse type in which confluence of the tumorans 
areas suggests a pneumonic picture in the gross. The lesions may be restricted to 
one lobe of a single lung or involve all lobes of both lungs simultaneously, and 
they occur within the lung parenchyma or appear on the pleural surface. On 
gross examination the nodules are commonly discrete with good definition from 
the surrounding tissue, but they may be irregular in outline or coalesce, tins 
coalescence probably representing the basis for the diffuse form of the disease. 

■ The bronchi are not involved except as a result of direct invasion by one of the 
nodular areas, hut metastases do take place to the regional Ijonph nodes, an 
occasionally to distant organs. The presence of the tumor in the vicinity of a 
bronchus may cause atelectatic changes and later inflammatory processes m lo 
adjacent and peripherally situated parenchyma. 

hlieroseopically, the tumor is easily recognized by its characteristic mor 
phologj^ the malignant cells lining the alveoli, and the general structure of 
parenchyma being maintained in most areas. The individual cells tend to e 
polygonal in shape Avith rather dark-staining, abundant acidophibc cytoplasn^ 
and may occur in multiple layers or in papillaiy projections within the ’ 
which are often completely filled by these formations of malignant cells. ® 
nuclei are somewhat irregular, often hyperchromatic, and mitoses may he seen i 
keeping with the obvious neoplastic nature of the cells. An outstanding fea uw 
is the general lack of invasion of the supporting fx’amework of the lungs, alt oUa 
occasionally a lymphatic vessel may be seen filled with malignant cells (as 
he expected from the occurrence of Ijnnph gland metastases) and in a few o 
more mabgnant cases, the cells are found growing wildly in masses an co 


among a loose fibrous tissue stroma. The fundamental feature m 
of .the tumor is, of course, the very definite reproduction of alveolar 
It is customary to find many franldy malignant areas that are comp e e y . 


the recognition 
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rated as far ns gross and liistologic evidence is conccnicd, and oecnsionnlly otlicr 
discrete areas are discovered in wliich single alveoli may show early lij'perplnsia 
of the lining colls of the nlvoolns, suggesting the l>cginning of still another focus 
of the tumor. 

In the discussion to follow, this tumor is considered under two headings in 
accordance with the conflicting views held eoncorning its origin, (a) the niulti- 
cchtric nature of alveolar cell carcinoma of the lung, and (h) the epithelial 
origin of alveolar cell carci?iomn of the lung. 

THE MUI.TICENTRIC N.VTflU; OF AI.VM»I..VI1 CEIA. CAKCINOMA OF TIIK EUNO 

llultiplc j)rimnry malignaneies are no longer the rarity that they wci'c once 
considered to he, hut it is still diflleull to accept all the eases reported ns aotual 
c.vamples of this condition for the criteria followed in nsse.s.sing the eases are iiot 
always clear. However, the following studies, listed in Table I, seem well suh- 
stantiated and the figures are included to illustrate the incidence of inultiide 
primary malignancies gcnendly without apeeifie reference to the lung. 


Taiiia; 1 



NUMBUtOF 

AL'Tormna IN mauo- 

NANT IiIKh:,\Ki: 

OASJa OP 

MiLTiPij: nuMAKy 
>!.VJ.mNANt'V 

PKnCENTAflC 

OF ilDI.TlPM: 
MAiaONAKOV 

Owen, teat 

Orr, 1D30 

(1) I’ereonnl casoK 

a,OIK) 

143 

4,3 

1,040 

s 

0,77 

(2) Collectoil (Iftta 

1M07 

70 

0.83 

ilaalofl, J931 

7J0 

J 8 

2.5 

Warren and Gate*, in:i 2 

1.073 

_ 


Hchroiner find Woiir, 1034 

11,212 

307 

2.7 


The skin and iutostinul tract arc most commonly affoeted, with the female 
hrensts and genital organs of both sexes involved with greatest frequency in 
paired structures. The rarity with which the lung is nffected is illustrated in a 
recent study by' Slaughter” of 1,8GS collected cjiscs of multiple primary' malig¬ 
nancy in which he found 749 instances (40 i)er cent) in the same organs or 
systonuf, but not a single case in the lung, and 2C9 cases (14.4 per cent) in paired 
organs with only 3 reports of lung involvement. In addition, carcinoma of the 
lung occurred relatively uncommonly also in ns.socintion Muth primary’ carcinomas 
affeeting organs of other systems, there being in this scries only 34 roporLs of 
such an assoeiation, representing an incidence of only 1.8 per cent ns compared to 
1 per cent for tlio stomach; G per cent for the piostato, and 4 per cent for the 
kidney. 


Billroth’s* original A-iew (expressed in 1889) that tlu'co conditions must ho 
satisfied before one can consider sncli lesions ns examples of true multiple 
primary malignancy is now universally considered too exacting. To rule out 
JTnphogcnous mid hematogenous motastascs, extension by continuity or contact, 
and implantation or transplantation, he suggested that: (a) Bach carcinoma 
fflust have a dilTorcnt histologic strueturo, (b) tlio histogenesis of each carcinoma 
torn a dilToront parent epithelium must bo proved, and (c) each caioinoma must 
arm its own motastascs. 

Itowever, in certain types of multiple enreiuomas, generally accepted ns 
primary in origin, tlicsc conditions are certainly’ not fulfilled ns, for example. 
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ill the ease of the oceurreuee iu multiple-form of basal cell carchionia of the 
skin -which rarely metastasizes; for this reason Goetze^^ suggested the necessary, 
criteria might be the following: (a) The macroscopic and microscopic appear¬ 
ance of the tumors must be that of the usual carcinomas of the organs involved, 
(b) exclusion of metastases must be certain, and (c) diagnosis may be confirmed 
by the character of the metastases in each case. 

If one now accepts on tliis liasis that such lesions as multiple skin carcinomas 
and multiple malignant poljqii of the colon are true multiple primary malig¬ 
nancies, it would seem possible to accept multiple areas of malignancy^ in the lung 
as representing multicentric neoplasia, pro-vided that it was possible to satisfy, 
by meticulous pathologic examination, conditions such as those to be outlined 
here, which were originally^ described by Cassili and White' in deciding that a 
case wMch they reported was in fact an example of multiple lung tumoi-s arising 
independently^ from the alveolar lining cells. 

1. No primary tumor could be foimd elsewhere in the body. 

2. No primaiy tumor could be demonstrated in the bronchial tree. In 
this connection Weller^^ has stated that one must always search until 
the primary lesion is actually found, because he feels that all such 
multiple lesions, are the result of lynnphatic spread. 

3. The tumor must be multicentric with areas of uninvolved paren- 


chyTua separating the malignant nodules. 

4. The neoplastic cellular process must be confined to the alveolar sacs. 

5. The interstitial framework of the lungs, except for the lymphatic 
vessels, must be generally free of the process. 

6. The anatomy and histology^ of the nodules must be unlike any other 
primary lung process. 

(The fact that aU lobes of the lungs were affected in their case seems 
of relatively' little impoidance.) 

Ever since kliiller'^ divided the eases in which multiple primary maliguRRcy 
was present into three groups (1) involving the same sy'stem (for example, skiu 
and intestinal tract), (2) involving symimetrical paired organs (for examp e. 
breasts, ovaiy, testis, kidney', lung) and (3) involving distant organs of separate 
sy'stems, it has been most difficult to satisfy' the necessary criteria in the secow 
group (including as it does the breast and genital organs); and it has also een 
customary' to exclude fi’om consideration (as do Warren and Gates®®) c^ses 
malignancy' which is frequently multicentric in origin affecting a shigle 
organ, such as carcinoma of the liver, although there seems little dou t 
the separate lesions in this case aiise independently'. As a result of this 
exclusion, similar lesions of the hmgs, such as those rmder consideration in 
paper, have also commonly not been included in studies of multiple pr® 


malignancy. _ _ 

Although multiple lesions of the sidn and tliose occurring in vide y ^ 
rated colonic polypi are now generally regarded as distinct piamaiy changes, i 
more diffieidt to rule out a metastatic basis in the case of paired organs . 

the breast and the ovary', where multiple malignancies are next most 
seen. As mentioned previously', repoi’ts in the literature venturhig to ca 
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losloits iirimnfy in lypo tivc often open to erilicisni. In fuel AVneren nnd Gnles’= 
nisn cxeliide inoRt of tlicso enses feoin their survey. 

It is perlinps inoro difllenlt still to he eoiliiin tlint imiltiide Icsioius in u single 
lung cun 1)0 considercsl to hnve nrison independently ivhcn spread niny have 
occurred along alveolar walls, by the readily available vascular or l.nnphalic 
channels or by the intrahnninal di.ssemination of cells wilb the air motion of 
ordinary or forced respiration. Nonethcle.ss. sulllcicnt reports have now appeared 
in which the histologic featuis's nrc c.ssontiall.v the same regardless of the fact 
that the change mny ai)pcnr in discrete ainl widely separated areas or show a 
tendency to become continent that it scents unlikely that sjtrend by any of tbesc 
means could have Iteen res])onsible, jiartienlarly when the conditions outlined ac¬ 
cording to Casilli nnd White' are salisHcil. 

The observation tbat the cxperinicnlally pi-odnecd lesions of nlvcolnr hjiter- 
plasin, ndcnoinntosLs, and carcinomatosis to be mentioned later nrc eonnnonl.v 
multiple in occunence and tbat many of these changes nitpeur simnltnncously 
lends further crcclenec to the view that similar changes occurring spontaneously 
in the human Itcing are inulticcntrie. In n<ldition. Ikeda'^ strc.ssetl the point that 
in one of the cases ho reported each of the noilnles actually lepresonted a woll- 
develoited intra-nlvcolnr papilloma with a ilcfinite centnil flbroim core nnd he fell 
that this further ob-sen-ntion also favorcxl the theory of mnlticentric origin of the 
tmnor. 

In summarj-, then, it biH-omcs n))pnrent that this specific entity -whicli has 
probably often been lnl)elcd an ndcnoeareinomn in the i)nsl is being reported a-itli 
increasing frequency (for cxamjile, Adler' 20 casas in 1912, Neul)crger nnd 
tlccvcr” 25 cases in 1942, Ikcda'" 4 cases in 1945) ns its distinctive liistologic 
appenmneo Is accoptesl, nnd the t.vpicall.v multiple nirangement of neoplastic 
areas coupled with the failuix' to dcinonstmte a hidden ])rimnry tumor pomiit 
general acceptance of the view that it has a multicentric origin. 

the FJUTIIU.IAI. OKIOIN OK M.VIXU..\R CELI, CARCLNOIIA OK THE LUNG 

Just as there has been hc.sitntion in accepting the inulticcntrie origin of 
pulmonnr.v tumors hn\ing this distinctive histologic a))])enranee, so also has tlicrc 
been lack of gcncial agreement concerning tho presence or nljsouco of a layer of 
cells lining tho alveoli from which this neoplasm might arise, hhirthcrmoro, di.s- 
agreement has been apparent in deciding whether this layer of colls, if it is 
nctuall.v present, develops from endodermul or niescnch.i.-mnl elements nnd, cou- 
sequcntl.v, whether it is jiroper to name tho tumor a carcinoma at all. 

It is undoubtedly difficult, if not impossible, to domonstiato a lining layer of 
eells in the alveoli of nonnal lung tissue, but ns iMillci'”' points out in his 
monogiaph, it is often necessary for tho pathologist to tum to normal tissues 
■"■Imu in doubt as to tho cori-ect designation of a certain cell or group of colls, 
and in a similar manner the nonual histologist may be obliged to inspect path- 
ologic material in order to obtain bettor insight into the structures under 
ol)scrvntion. In the case of the lung, he has shown beautifully the presence of 
a Mntinuous layer of lining cells in the alveoli when they are rendered visible by 
leing separated from the underh-ing framework of coniicctivo tissue and vessels 
by (a) the pouring out of a serous exudate boliind them in a pneumonia or (b) 
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the mechanical edema of mitral stenosis with insufficiency of the valve. In these 
cases the lining appears as a layer of flattened epithelium in a continuous sheet, 
the nucleus bulging out in the thinned-out portion of the cell. 

h'Iiller^“ also pointed out that the presence of “pores” in the alveolar walls 
may be explained on the basis of pathologic changes occurriug when the epi¬ 
thelium is pushed off in this manner and that they are not necessarily normally 
present. When the epithelium is pushed off from diametrically opposed sides 
of an alveolar wall, the serum poui’ed out from the capillaries then ftnds an 
exit into adjoining alveoli and with the conversion of fibrinogen into fibrin the 
characteristic strands of fibrin passing through the alveolar wall are formed 
(see Macklin).^' In these eases epithelial cells may be seen attached to the 
strands of fibrin as they leave the alveolar wall. IMaeklin^® demonstrated 
residual epithelial cells on the puhnonary alveolar walls in various mammals, 
and he believes it is possible that primary carcinoma of the lung can originate 
from these cells in man. 

Nonetheless, it has been repeatedly obseiwed that cells may be seen lining 
the alveoli in certain diseased conditions such as chronic passive congestion, 
lipoid pneumonia, chronic intex'stitial pneumonia, and other chronic inflamma¬ 
tory processes such as empyema, abscess, bronchiectasis, and tuberculosis. The 
process appeai-s to be one of hypeiT>lasia of the lining cells and has been teimed 
“ epithelization ” of the alveoli. 

Similar changes which may progress to adenomatous formations and frank 
malignancy can be produced experimcntall.v by the use of ceriain chemical 
carcinogenic compounds. Andervont® xvas able to show for the fii’st time in the • 
lung that carcinogens do not act only locally when he produced primary Inn? 
tumors in a certain pure strain of mice by the subcutaneous injection of di- 
benzanthi’acene, usually without the occuiuence of subcutaneous tumois. Al¬ 
though this strain of mice had a high incidence of spontaneous lung tumoi's, the 
induced growth appeared much earlier and it was postulated that following 
absorption of the carcinogen from the subcutaneous tissue it was carried to the 
lung where it accelerated the normally occurring carcinogenesis. Lrmg tumors 
could, of coui’se, also be produced by tlie implantation of dibenzanthracene 
directly into the lungs of this mouse strain. 

It is interesting to note that Andervont® also bred male and female mice o 
high puhnonary tumor strain to females and males, respectively, of low pu 
monary tumor strain, where all attempts at the induction of lung tumoi’s 
dibenzanthracene had failed, and foUoiving this females of the first by n 
generation were then mated to their brothers to produce the second hybiid gen 
eration. The presence of tumoi's in a high percentage of both the fii’st ( 
cent) and the second (75 per cent) hjdirid generation shows that the suseep 
bnity of the lung to tumor formation induced by the subcutaneous injection o ^a 
lard-dibenzanthracene solution is inherited in a dominant manner and is c ear. 
specific for that particular organ. . ^ 

Multiple adenomatous tumors originating along the alveolar walls have 
produced experimentally in mice by Grady and Stewart,^® and 
tiple tumors of the same type, also in mice, have been observed by Slye, o 

and Wells.®° These adenomatous lesions resemble those described by Cow J 
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South Afrienn sheep, n discnsc kno\ni ns jngzicktc and prol)nbly caused by a 
virus, the counterpurl of wliieh has been reported in liumnn beings under the 
name of adejioniatosis by Beil.' 

AVe then liavo definite cellular changes occurring in the alveolar walls in 
response to many of the factois that have been shomi by those working in cancer 
research to bo potentially responsible for tumor formation in general. The 
factors mentioned have Iteen (a) ebronic indtation (chronic inflammations in 
liumnn beings), (b) chemical cnreinogenic eompounds (in mice), (c) liortKlity 
(in mice), (d) tissue susceiitibility (in mice), and finally (c) viruses (in sheep). 

Surely, if such responses (byperplasin or “c))ithelb!ation” adenomatosis mid 
malignant degeneration) can lie rcgnlarly induced in the alveolar walls by such 
varying factors, it would seem that the iiresenee of a oclliUnr lining of the alveoli 
can no longer bo denied, particularly in view of llillcr’s” maslcrfiil demonstra¬ 
tion of its existence. 

However, even if this reasoning Is acecptcrl, the (piestion concerning the 
exact dcvelo))mentnl nature of a lesion arising from these cells has still not been 
nnsivered, for we have yet to decide whether they arc of cintbclial origin or have 
a nicsenehymal background. No definite answer to this problem seems possible 
at the present but several factors are highly .suggestive. 

It is generally accepted by cinbryologisla that the lung develops ns a bud 
of endodorm from the foregut, which broiiehcs out into the surrounding mesen- 
chj-mo ns the lungs jnoject into the tboraeie cclom. On this basis it would seem 
reasonable to expect that the saeculations (or alveoli) at the end of the branch¬ 
ing tree would retain a layer of cells derived from the cndodermal bud from 
which they developed. However, ns Barnard and Day* jiointed out, it has liccn 
noted that this cuboidal lining which is admittedly jircscnt in early embryonic 
life seems to disappear from about the fifth month onward and has not been 
seen to reappear at a later date. Quite possibly iu view of JUllor’s*” demon¬ 
stration that a lining doe.s exist, i-cstudy of this ])roblcm with moro modoni 
teclmicpics, as for example an artificial duplication of the increased venous pies- 
3ure found in mitral stenosis, might show a similar lining of llattened cells that 
was not apparent before. 

Those who believe that this linuig layer docs actually disappear theorixe that 
the changes of hj-perplasia, adenomatosis, or frank carcinomatosis, as described 
previously, occur as a i-csult either of hyperplasia of the so-called “septal cells” 
(ilaximow and Bloom)'” which have a imrivnsculnr distribution and are prob¬ 
ably mesonchj-mal in origin, or of extension into the alveoli of cells lining the 
broncliioles, tlie epithelial origin of which is uniformly accoptod. In the first 
instance Uioso mesenchymal septal cells may, ns Neuborger” suggested, gradually 
form a contuiuous Ihilng Avhich becomes clearly demarcated from tho adjacent 
tissues, but the absence of reticulum fibrils and the cellular appearance so closely 
resembling the usual adenomas or carcinomas make this theory appear improb- 
“ble. It is only fitting to point out, however, that this latter objection is over-' 
come if one accepts tho.views of Oppenheimor'* (quoted bj' Neubergor and 
Qcover) who docs not believe that germ layers are specific and believes them 
mpablo of undergoing transformation from one tj-pe to another under different 
mrlronmental conditions. 
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In supporting the second theory Herbut^^ favored the origin of the 
alveolar cells from the basal cells of the bronchioles since the fact that there 
is a continuation of these basal cells into the alveolar lining in some eases of 
bronchiectasis shows that such invasion is possible. Sweany^^ and Jaffe“ also 
believe that these basal cells are multipotential and can develop into any type of 
ceU in the bronchial tree including the so-called “alveolar cell,” hut actually in 
the literature there does not seem to be any irrefutalile histologic ewdence that 
extension of these cells has occurred into the alveoli in the lesions found in this 
particular type of pulmonaiy neoplasm. 

In this regard Frissel and Knox^® felt that the alveolar pattern of cellular 
arrangement merely represents an attempt on the part of the tumor cells to 
maurtain proximity to the available vascular supply in the walls of air sacs and 
on this basis they felt justified in classifying the lesion as an adenocarcinoma of 
bronchiogenic origin. 

Although it is impossible with our present state of proved knowledge to 
discard these other theories completely, we believe that there is a sufficient bulk 
of evidence favoring the presence of a definite cellular alveolar lining to accept 
its presence and also to consider the cells to be of epithelial rather tlian mesen- 
ehymial origin. Therefore, the term “alveolar cell carcinoma” would appear to 
be the one most suitable for the future designation of this specific pulmonaiy 
neoplasm. 


CASE REPORT 

The patiout, E. L. W., a 35-year-old used car dealer, was admitted to Barne.s Hospital 
on June 1, 1943, at which time ho stated that ho had suffered from a chronic cough for the 
past eight to twelve months, which had become productive in the six months prior to ad¬ 
mission. At tlus time he was coughing up approximately one-half cup of foul-smelhngi 
greenish yellow sputum each day, and although tliere liad been no associated pain, voice 
change.s, general weaknes.s, or weight loss, he stated that he had noted a small anioant o 
blood streaking of the sputum ten days before admission. This was the only occasion on 
which hemoptysis had been present. 

There had been some dyspnea on exertion, associated with palpitation and vertigo, 
and these “dizzy spells” had become sufficiently severe that the patient had consulfei a 
physician concerning them about six months before bo was admitted and had been re 
for “heart trouble” and “allergy” without any improvement. One month before adnns 
sion he had been seen by a chest specialist who ordered a chest plate and snbsequen 
referred the patient directly to a hospital. 

The past history apart from some mUd chronic sinusitis of many years s an 
and a “touch of dropsy” did not appear to be significant, nor did the family histo , 


the general functional inquiry. He did not smoke. 

Phj'sical examination at the time of admission revealed a few large moist 
the lung bases posteriorly, with some questionable diminution in the audibilitj o 
breath sounds over the right lung Hold. The temperature, pulse, respiration, ^£ 1 ,^ 

sure, and laboratory findings were within normal limits and tlie sputum was nega ive^^^ 
tubercle bacilli or fungi. There were no other significant findings on physical exaniin 

A fiat plate of the chest showed an infiltrative process in the rigJit lower lu 
(Fig. 1) .which was nonspecific, and a lipiodol brouchogram showed all the bronc 1 ^ 
left side as well as those to the right upper and middle lobes to bo normal. n y ^ 
tion of tho right lower lobe bronchus was filled, although several flecks 0 opn 
terial were visualized ovorlj-ing the large area of infiltration. 
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Dlagno5tic l>ronchO}ioopy uns slmilnrly of litllo help. Tho treclion contntncd a little 
pas hut the corina wns thin find noruml in npponrnnco onil tho only noteworthy findinp in 
any of tho hronchl viKimlizcil mis fi slljjht bulging in one of the medial divisions of (ho 
right lower lobo bronchus from whieh a biopsy wna taken. Tho pathologic report on tho 
Bpocimen, however, showed no nrens suspielous of ninlignnncy and was Inbelcnl as chronic 
Inflnmnuition. Tlie nmtcrinl eonsistcil of a polypoid nmss covered on nil sides with cpilho- 
liuni that occasionally seenictl to be undergoing s<|uanious mctapinsin. There was a core of 
flhrous tissue with niany bloml vcsmoIk and a eonsidemblo Inflanjmafory procosss through¬ 
out nlthough most of the cells were lyinjdkoeytes. 

It was felt that an explomtorj' thoraeotoiiiy should Imj performed and this was done 
(by E. A. 0.) on June 8, 1U-J3. 



^toentffcnoKpnni of chest Juno 2, 19-13, Just prior to first operation, llomoconoous 
poorly delineated shadow In rlRlit lower chest Upper lung field clear. 

Operntioa.—On opening tho chest (here mis no ovidcnco of citlior pleural effusion or 
^dhesiemgj but there M-ns a mass of fairly firm tissue iavolviug tho greater portion of tho right 
ower lolw nnd extending to tho periphery whoro it causcil n very marked dimpling of tho 
^rnl pleural somewhat suggesting cnreinonin. However, it wns foU thnt tho consistency 
not sufficiently firm to substfintinto this suggestion and it wns finally decided thnt tho 
on was inflammatory in nature nnd consequently n Iol>cctomy wns performed. Ordinarily 
^rn^n section would have beea made nt tho timo of oiKTUtion, hut tho limited facilities for 
ferrying it out bocausc of war conditions made the procedure Impossible. 

A considerable amount of bloodstaineil fluid collected in the imraedlnto postoperative 
1 Oib and ns closure lind l>oon cfTccted wUhout drainage, it was necessary to perform sev- 
tlo lo prevent a shift of tlio mediastinal structures. No ovidonce of infec- 

however, and thereafter tho postopemtivo courso wns uneventful nnd recovery 

fie/wr/.—Tlio gross appenmneo wns mucli ns dcscriljed prcvloiuly with a de- 
co^ I*°®hcred looking area overlying tho actual lesion, which on sectioning was found to 
pn*c a wcll-encnpsulatcd area of edematous and probably infected tissue. At one edge 
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of this area was a 
the induration was 


small cavity containing some necrotic tissue, and surrounding this cavity 
sufficient to re-arouse the suspicion of carcinoma. It also suggested an 


organizing pneumonia (Fig- 2). 



tL epitheHum looked hyperplastic lunien of the ttl colls, 

in JaU papillomatous formations .Iteolar structure was not 

tion of edema and tliere ^ 



DEL-\11UK AND GnAITAil : AM'KOLAR CKLL CARCINOMA OF LtINO 


247 


larger bronchi nnd bronchioles. There was no ovlclcnco oUher at operation or pathologically 
of involvement of the regional hmiph node*. 

Altlioagh thoro wns obviooflly a great deal of secondary Infection nnd inflnmmntion 
In the lobo it n-ns recognized nt the time by Dr. Nathan Womnek that n enreinomntoua process 
appeared to bo arising simultaneously in several different regions. Also he called attention 
to tho similarity of this cn*o to jagrickte. Because of this fact and Iho lack of any evidence 
of regional motnstasc*; it \vns decidctl unwise to consiiler completion of tho pnounionoctomy 
duo to tho prolmblllty thnt similar nreas of involvement were present in tho left lung. Per- 
Imp* this wns an error in judgment in view of tho sul^seqtient history. 



SuVicquent Courts. —^Tho patient modo a satisfactory rocovory and ^ra8 well until the 
fall of 1040. Ho saw Dr. A. 8. Ashmore of AVIchita, Knn., in October, 1040, and complained 
that time of a productive couglu An x*ray of tho chest showotl a lesion overlying tho 
diaphragm measuring 2% inches in diameter. Ho refused treatment at tlmt timo. He began 
^ lose weight and developed pnln in tho right upper thorax and shoulder girdle region which 
hiterfered with tho function of tho right arm. On July 17, 1947, bronclioscopy wns negative 
^ the Uplodol examination was unsatisfactory, but tho x-ray dcmonstmte<l a dense shadow 
obsenring the right lower lung field (Fig. 0). In December, 1D47, oxploration was done at 
Chita by Br. Ashmoro and tho remaining portion of the right long resected. At the time 
0 the exploration, tumor resembling “caviar*' or **raspberry jelly” was seen growing over 
0 chest wall where it had invaded over on area of 4 inches in diameter. The modlaatlnal 
yraph node* were apparently negative. He made another uneventful recovery from this op- 
®^Uon but because of the evidence of invasion of local tissues, ho was given intensive post- 
°pcmtiv6 irradiation therapy (7,000 r. tJirougU four portals). Ho wns last seen In Sop- 
wr, 1048. Bronchoscopy was negative and there wore no tumor colls found In tlie smears 
the bronchus. Tho oppoiite lung was clear to radiographic examination. He was la 
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i- Detailed view of nodule of tumor demonstrating' its ■well-differentiated character, first 
operation. (Photomicrograph X'lZO.) 
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ciw'llont cHniml condition. The niirrohcopic |mttorn of tlio tumor found at the second 
operation xvjih ver}' similar to thnt seen at tin* llrHt operullon (Kip. 7).* 


DIK(‘l*S.SU)N’ OF OAHI-: 

Tliis imticiit lins a known diinition of liis disease of al least six years. Tlie 
initial lolrceloiny rc.stilted in fi-peiloin from symptoni.s for alwnt four years. At 
the time of the second operation the miemseopie appearnnee of the tumor had not 
changed (Pig. 7). However, there was evidence of local in\-nsion of the ehest 
wall. The regional lymph nodes have remaiiie<l fiTe from disease. The opposite 
hmg radiographically has shown no eliange hut it is entirely lajssihle that al¬ 
ready in this lung thcie may he the early changes of hyperi)lnsin (cijitheliaation) 
or Istnign adenomatosis that are i)resumnhly of a proennecrous nature. 



U<^tceno]p.nni of clipflt July 8. 194T. Jiint prior to BoconJ opomtion. Dcnrc almdow 
In rliht lower cheat, liiah tUnphminii. lliickenotl pleura. I>-ft lunt clanr. 

The sui'gical treatment of this ease has resulted at least in verj- worth-while 
palliation. The peculiar nature of Iho timior, although prohahly malignant, 
Md the ahsence of any knmvn surgical oxporionco with it prior to our operation 
w 1943, made the necessity of total pneumonectomy seem tpiestionnhlo at that 
hnie. Perhaps, however, further experience will show thnt the total removal of 
ho lung is indicated as a palliative procedure in spite of the c-xisting possibility 
of lesions in the otlior lung. This ease would seem to suggest thnt. This patient 
“apparently the third treated surgically and the only one nith a long follow-up 
( rymnlsla* and Wood and Pierson’*). Wood's patient had a right lower loboc- 
omy for wlmt was thought to he an inflammatory lesion. A roentgenogram si.x 
Weeks after operation appeared to be clear of disease. The patient died six 


"na Dr. ..Vshmoro for Uio history of tho lubsoquent courw, the x-ray aim, 

"frerotcopic from the second operntloa. ^ 
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months later of carcinoma of the uterus. At post-mortem examination multiple 
foci of pulmonary adenomatosis were found in all remaining lobes. As Wood’s 
case is very similar to the one reported here in both its clinical course and pathol¬ 
ogy, it lends further support to the concept of multiple foci of origin. His case 
also suggests that the case reported hei*e may veiy weU have other foci of tumor 
in the remaining left lung. Wood recognized the similarity of his case to jag- 
ziekte. No doubt the lobar distribution of the signs and sjTnptoms of some of 
these cases is due to the strategic location of nodules of tumor close to a bronchus. 
This results in infection distal to the block and these changes give a clinical pic- 


k J 'll!, 





FIff. 7.—Persistent tumor in upper lobe. Note well-differentiated character and slniilarhy 
to original tumor, second operation. (Photomicrograph XGO.) 

ture suggesting inflammation. If there is no surgical interference the patient dies 
of inflammatory complications. The case repoi’ted demonstrates the value o 
sui'gical resection in the presence of such localized inflammatory complications. 

SUMMARY 

A brief review has been presented dealing tvith a specific type of puhnona^ 
neoplasm which is characterized by a reproduction of the alveolar structure 
the liuig. The eridenee is discussed which favors recognition of the multicen 
nature of the lesion and seems to indicate that it may quite properly be ^ 
an “alveolar cell carcinoma.” An illustrative tjqiical case is reporte 
demonstiTites tlie slow gro^vth of the neoplasm and the palliation whoe 
result from the removal of the diseased tissue, although the manifesta 
the disease may reappear several years later in a different part of t e i ^ 
as in this case. Also, attention is called to the similarity of this cas 
iasziekte, the South African disease of sheep.* 

»The pathology- of this case has been reviewed by pr. Laurm V. jlo. 

Uon of Surll^l Pathology, Washington University School of Medicine, St. Louis. 
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ECTOPIA BRONCHI 

William H. Falor, jM.D., M.Sc.,* amd A. H. Kxriakides, M.D.f 

Akron, Ohio 

D EVELOPj\IENTAL abnormalities of the traclioobroncliial tree and of the 
pnlmonaiy parenchyma are rarely found in life or at necropsy. Even after 
careful clinical scrutiny one commonly contuses such abnormalities wth other 
pulmonarj" diseases, or else arrives at a diagnostic impasse. We are principally 
interested here with ectopia of the bronchi to the left upper lobe and ■nith the 
resultant varied parenchymal changes in the left lung. 


EMBRYOLOGY 


Arey^ in discussing the embi'jmlogy’^ of the lung stated that in the 3 ram. 
human embryo the lung first appeal’s as a groovelilce evagination on the ventral 
surface of the esophagus. The enlarged caudad end of this evagination gives 
origin to two small lung buds. At a later stage, the predestined anlagen of the 
esophagus and tracliea iKCome separated by a constriction. This constriction 
is separated at tire cephalic end by the larynx which is demonstrable at the end 
of the fifth week in the embryo. Hollow evaginations of the lung buds e-rieud 
into the surrounding mesenchyme, enlarge rapidly, and branch to produce a 
treelike tubular system. The surrounding mesenchyme by the end of the seventh 
week gives rise to muscle libel's, cartilaginous rings, and probably to the lining 
cells of the alveoli. 

Ekehorn^ and Flint^ related that the lower, blind end of the primordial 
trachea becomes fixed, divides, and then projects into each thorax (stem bronchi) 
where, by a process of arborization and dovmward growth, the bronchial 
is developed. Heiss'* believed that a process of infolding and septum formation 
are the developmental mechanics responsible for the progressive differentiation 
of the lung. He rejected the term and conception of stem bronchi. For him, 
stem bronchi are the periphei'y of the lung from wliich the connecting am 
terminal structures of the liuig parenchyma are formed by a continuous in¬ 
folding. 

Ferguson and Neuliauser^ added that as a result of the sequence of em 
bryologic events ' ‘ complete absence of the lung, with no lung bud or main stem 
bronchus whatever, indicates a developmental defect which has oecuried very 
early in fetal life,” . ^ 

Grinienfeld and Gray® speculated that developmental anomalies of the imp 
are caused by "phylogenetic newness of the organ” and by the enormous 
groviih it must undergo in the embryo before its functional fom is achie\e . 
They first identify the division of the left stem bronchus into its two mam 
bronchi in the 7 mm. lengtli human embi-yo. It is interesting that m 
review of lung malfoi-mations there is not included an example of t e . 
here presented. 


From the Department of Surgerj-, Children’s Hospital. 
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Sclmeidei'’ elnssificd n|)Instic I\iiifrs ncrordiiiK lo the pi'cscncc or nl)30ncc ot 
a rudimcutnn,' hromdius or of an ni)lnstic hm!;. lie furtlier diflereiitintcd Riich 
aplnaiii into liigli and low degrees depending on the nlisenec in whole or in ])art 
of the hronehinl or i)nlmonnr>' clement. 

Jordan’' in his detailed chmsillealinn of pnlaionary anomalies would include 
the ciuse herein rciiortcd ns “agenesis of hronehns—to a normal lolw.’’ 

Caffey’ in de.scrihing the eongenital defects n.ssneinled with total aplasia of 
the lung included . dia])hnigmntie defects, cardiac and renal malforma¬ 

tions, .skelclnl abnormalities, and alienee of the vagtts none.'’ lie cottsidered 
that the high frc(|uency ot mssoeiation of i)nlmonnrj- aiilnsia with homiverlehm 
jastifies considering the coinhination ns a "syndrome.” lie presented a case 
showing bronchogmi)hic evidence of nlisenec of the eparterial hronelnw in asso- 
cialion with an hcmivertchra of the eleventh thoracic vertehrn. Peeler and 
Phillip.s’” cited the finding in a ‘2-moiilh-old infant of a h.vpoplnstic hronehns 
to the left upiicr lobe; however, there was no histologic examination. Cassinelli" 
and Nelson” each disemssed a similar ease which on mieroseopie examination 
was found to have a marked diminution in the numlicr of cartilnginons rings. 
Morclli” discussed the ])o.ssihilily that an aherrant pulmonnrj- artorj- might 
pnxlueo this latter nlierration. He, too, citeil a ease in which tlio bronchus 
to the loft uitpor lolie was small and lacking in cartilaginous rings and in total 
cartilage in the rings iirc.sent. Diagnosis was made on his imtient at 1 month 
of age, and milistantiatcd at necropsy at 4 months of age. He indietod the 
aplasia of hroitchtts and bronchial cartilage as the agent precipitating tho 
emphysema. 

In concluding this review of the literature on the ombrjology of the tmehea, 
bronchi, and lungs, we feel with Harris and Lewis'* that ktiowlodgo of tho 
comparative anatomy and cmhrj-ologj- ot tho bronchial s.vatom has not kept 
pace with thoracic surgery. This laek of information is reflected in the difficult 
recognition of such lesions. 


CASH REPORT 

A white boy, ngod 0 ycnni, -mu ndniillcil* Aprit 2.1, 1047, lo Oliihlrcn’s Hospital, Akron, 
Ohio. The cliild'a phyaicnl and mental growtti nnd nctivlttes were not unurual nnttl 1045, 
for tho flmt tlmo ho wna noted to tiro rendily nnd to become dyspnolc upon oicrtion. 
A phyBiclnn mndo the diagnoBla of doxtmcnrdin nml cnutloneil tho parents to limit the 
rood's physical activities; ns n result of this tho eliild becnino acutely awnro of Ids lieart 
nnd seloctivoly limited his nctivities to his own favorite sports. During tho next two years 
hts only complaint wns of shortness of bronth; there was no congh, expectoration, cliest 
Psio, or known evening hyperthennia. 

Hhyslcul examination on admis.sion revonlod n thin, 9-yoar-old, intolUgont, coopemtivo 
to innlo child In whom positive findings wore limitod to the thomx. The thoracic cage 
was nsthonic in typo with n widening of tho intercostal spoces on tho right nnd a narrowing 
rslntivo immobility of thoeo on tiio loft; there was a sliglit list of the loft shoulder, 
heart rate was 110 witli a normal rliythm; tho loft bordor of cardiac dullness wns retro- 
di I V riglit was at tho rigid nipple. On the left side there was increased resonance and 
,, ™"^*4 breatli sounds nnd voice conduction. On the right side broatli sonnds w'ere 
_^ 'Tliero was a mild secondary anomin. Intermittent afternoon fever ns high ns 100.4* 

"On Uie medical service of Dr. Noah Miller. 
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Fig. 1.—Anteroposterior roentgenogram showing cardiac stittt, radlolu ^ 
chest, and smaU paramediastinal cyst Krr.nchl In lower thor 

Fig. 2.—Anteroposterior bronchogram showing concentration ol e detail. 

Fig. K.—Left postero-ohllnue bronchogram showing upper lobe , ^j-ouchl extei 

Pig. 4.—Left lateral bronchogram show’Ing posterosuperlor upper 
Into emphysematous mass. 
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r. TTOfl nolod^ Intrnthornclc pressure readings in the scjcond left interapneo wore: on inhala¬ 
tion, ploj 2 era, rralcr pressure, on cxlmlntion, plus 0 cm. After aspiration of 200 c.c, of air 
the pressure rcndlnps ^vc^c: on inhalation, minus 10 cm. water pressure, on exhalation, 
minus 4 cm. The patient coughctl rlgoroualy twice, and following this tho readings returned 
to the pro-asplmtion Icrols, 

Anteroposterior x-ray tIcw revealed (Fig. 1) n shift of the raedioetlnura to tho riglit with 
a semblance of a dcxtracardin. A fow lino pulmonarj' markings appeared to mdioto from 
the left MJum Into tho superior and lateral aspect of tho loft lung area; these markings 
radiated from an area 3 cm. in diameter of increased density located just to tho left of tlio 
hllns- A concentration of pulmonarj* markings in tho lower flftli of tho loft thorax sug¬ 
gested a compression hTic of atelectasis. Brondiogmms (Figs. 2, 3, and 4) rovcnlod a con¬ 
centration of on entire normal loft bronchial tree in tho atelectatic lower lung field, and 
ft composite bronchodlagrnm, left lateral view (Fig. 5), identifies each bronchus according 
to the systems of Boyden*# and Jackson and llulM>r.>* In the anteroposterior (Fig. 2) 



of —Composite bronchodloeram. left lateral, developed from Fig. 4, with identification 

' ^•cklonand^^beir 5 erstem of Boj^en.** and correlation (below) to the system of 


UPPI2R LOBE 


DOTDEN 
B 1 plus 8 

B 2 


B 4 

B 6 

B e 
B 7 1 
B 8 i 
B 9 
B 10 


JACKBON AJ«> HUBIB 
ApIcaNposterlor 
Anterior 


Superior (lingular) 
Inferior (lingular) 
LO^^BR LOBE 
Superior 

Anterior-medial basal 

Lateral basal 
Posterior basal 



256 


THE JOURNAL OF THORACIC SURGERY 


and left lateral (Fig. 4) views there are several fine branches extending cephalad from the 
first 2 cm. of the upper of the two stem branches of the left main bronchus. These left up¬ 
per lobe branches are identified (Fig. 5) ns Bronchi 1 and 3 by the system of Boydenu 
and Scannellir or the posterosuperior segmental bronchi by Jackson and Huber.i» It rras 
subsequently determined that these bronchi were tlie only sources of air into the emphy¬ 
sematous upper lobe. The normal complement of upper lobe bronchi readily can be identified 
in the left posterior oblique view (Fig. 3), and the two brondii to the lingula are seen to 
advantage in the lateral view (Fig. 4) to arise as separate branches from the lobe bronclms. 



Fie- 6-—Illustrating- atelectasis of left lower lobe and mediastinal shift ** 

sematous left upper lobe. Note aberrant artery and bronchi to upper 

A diagnosis was made of pulmonary cyst of the left upper lobe with bronchopleurd ^ 
and compression atelectasis of both lobes. It was felt that this cyst was 
“ball-valve mechanism” in the communicating bronchi, and thoracotomy was un e 
in an effort to resect the cyst. 

, On May 21, 1947, under oral-intratracheal ether-oxygen anesthesia 
lateral incision -with resection of the fifth rib and section of the fonrtli and s 
tubercle, the left thoracic cavity was opened. A minimal pneumothorax under ig 
tive pressure was found. The left upper lobe (Fig. 6) filled SO per cent of tie e 
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ami obvioiifUy wns cxcriinp prcwiiro on tlio atelectatic, dnrV, flbrotic lower lobe. Tlo-expanaion 
of this lower lol« wns impossible oven with 20 enu prewuro oxortctl through tho Intratracheal 
tobo. Tlie upifor lobo was pink and though spongj* in consistency it still was tense and' 
ronmiocKl so even after tlio manipulation attendant on pneumonectomy. Increasing tho intra¬ 
tracheal pressure incrcawMl slightly tlio tem-encss of this upi)er lobe. Tho surface of tho 
lower lobo had intercommunicating lobule markings strongly outlined with anthmcotlc pig¬ 
ment; however, th<‘so mnrkinga in t!io up|>or lobe were much more widely separated and 
were a brigiit pink in color. Tho bimrt un«l meilinstinum appeared normal. In the liilns 
of the lung there were several soft lymph iumIcs im*n‘.urlng up to 1 cm. in diameter; tlio 
pulmonary artery nnd veins were normal in size and {msition. An aberrant artorj- 3 mm. in 
diameter originale^l from the aorta near the origin of lh« second left Intercostal artery and 
was directeil into tlie mcHlinstinnl nspeet of ihe iij»|K‘r IoIh’. Total pneumonectomy was per- 
forrac<l by Individual suturo-ligution silk t<vlmif|iii*, nml the thorax was close<l without drain¬ 
age, Convalesconco was uneventful, and the patient was diselmrgcil on tho twelfth jHist- 
ojKtmtivo day; a chest nientgenogram taken luelvo wt'oks later (Fig. 7) rovenleil a satis¬ 
factory iKwUion of the heart nnd mcsliastlnum. The patient retunie<l to school where ho 
was found to have a much greater exerrise toleninee; the “cnnllac conseiou9ni*sa*’ was gone. 



7.—jVntcroposlerlor roentgenoffram takon twelve weeks postopcmtlvoly 


Pathology. —The lung lacnsurtHl fl by 12 by 17 cm.; the pink, emphysematous uppor 

was C by 12 by 13 cm. and had tlio form of n nonnnl but grontly distcnde<l lobe. Tho 

Pmmonary veins wore normal in distribution. Tho pulmonary artorj' contributed several 
fioos brandies to tho upper loho and then mmiflwl throughout the lower lobe. The abor- 
^t artorj' from tlio aorta bmncliod soon after entering tbo uppor lobo. Tim left stem 

ronchus entered only tbo lower lobo wbero it divided Into two main trunks (Fig. 3). Just 

^ . ood this bifurcation tho ecphalad of these bronclil gave oIT three bronchi measuring al>out 
^^QWJtor; these were identified ns Bronclil 1 nnd 3 on tho bronchodingnim. They 
™ across tbo Interlobar fiwnire for nbout 2 era. into tho sabstnneo of tho uppor lobe 
they temiiimted, pntent, in tho onijibyscmatona tissue of tlio lobe. Tliesc were the 
y ^canmunications of tho traclioobronchial tree with tbo upjKjr lobo. 
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Cut section of the upper lobe revealed thin-walled emphysematous blebs throughont, 
5 to 10 mm. in diameter. On microscopic examination (Fig. 8) the presence of such tissue 
was confirmed, and a diminished number of terminal bronchi were seen. Except for the 
previously described bronchi entering the lobe from tlie lower lobe there were seen but 
four or five bronchi, 2 to 3 mm. in diameter, and these radiated into the periphery of the 
lobe from a hilar cyst 1 by 1 by 2 cm. (Figs. 1 and 6). The cyst wall was firm, 3 mm. 
thick, and contained gray, inspissated mucoid material; microscopic examination of its mall 
(Fig. 9) revealed the structure of a large bronchus. 

The lower lobe was atelectatic (Fig. 10), and cut section revealed an inordinate number 
of closely crowded bronchi. Detailed examination of the distribution of these bronchi con¬ 
firmed tlie presence and arrangement of bronchi as represented on the composite broncho- 
diagram (Fig. 5). 



Fig. S.—Illustrating bronchus and generalized emphysema of upper lobe (XIS)- 


COMMENT 

It has been assumed that the mesenehymatous anlage of a normal 
gave rise to the two lobes of this specimen. The presence in the lower o e o 
all the segmental bronchi normally found in an entire left lung has been m cr 
preted as an ectopia bronchi of the left upper lobe. The posterosupenor sBd 
mental bronchi aerated hut could not return air from the emphysemato^, 
tionless upper lobe. Compression atelectasis of the lower lobe and me las m ^ 
shift ensued. In the absence of a major bronchial communication 
upper lobe to the mam bronchus it is impossible to explain the presence m 
lobe of hronelii and of the bronchial cyst by the theory of lung gl, 

pounded by Ekehom== and Fliut.^ They described tlie development ot n 
hronelii as proceeding peripherally from the stem bronchus by a proc 
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arborization. Heiss’^ tbeorj^ considers tbe stem bronchi as originating in the 
peripheiy of the Inng and bj^ a process of continuous infolding as gmng rise 
to the connecting and terminal structures of the lung parench}Tna. Sncli 
peripheral development has occurred in the ease described; it hut remained 
for the large bronchi arising centrally to join these smaller elements to com¬ 
plete a normal bronchial architecture of the upper lobe. Indeed, it rvonld ap¬ 
pear that here the mesenchj'matous mass that Arey^ denoted as contributing the 
nonepithelial elements to a lung had by a process of metaplasia given rise to 
bronchial epithelium. A more likely exiilanation is that the epithelium of the 
cyst and small bronchi arose from the bud of the left upper lobe bronchus, which 
bud later was incorporated into the lower lobe. 

COKCLU.SIOH 

A ease of ectopia bronchi of the left lung has been presented. Reference 
has been made to the prevaUuig theories of the development of the tracheo¬ 
bronchial tree and of the lungs, and the adequacy of these hypotheses has been 
questioned, particularly when reviewed in an effort to explain the anomaly 
described. If the knowledge of pulmonaiy embryology' and the ability to diag¬ 
nose lower resiiiratoiy tract anomalies is to keep abreast of recent advances m 
anatomy' and surgery, detailed consideration must be given to a collection of 
many case reports such as that herein presented. 
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LUNG IIKRNJA 

A Case Report and Re\ie\v of Lithtevture 

.Tmojii; J. lIuRWlcii, M.n.* 

Wichita, Kan. 

T he occurrence oC n ense of lung licrnin ou tlie surgicnl service of this hos- 
pitnl hns stiniulntcd nio to review the nvniinblo litemture. Lung liernin is a 
rclativclj' rare condition. Lc.ss thnu 200 cases of lung hernia have been reported 
in the litcratnie. A number of the earlier eases cannot bo considered as tnio 
hernias of the lung but were merely traumatic cviscorations or prolapse. 

A true lung hernia is defined ns a pi'otrusion of tlio lung and its pleural 
membranes tlirough an abnormal opening in the Ihurncic enclosure. 

The first case of lung hcniia was reported by Roland in 1499.' Uowevor, 
tills probably was not a true hernia of the lung. Jlontgomcrj- and Luta* credited 
Plater with the first report of a case of (rue lung hernia in 1041. Since that 
time Uicrc have been scattered leiHirts of individual cases in the literature. Up 
to 1800 only fifteen cases had been reported, nine of which were true lung 
hernias. JIorcl-LavallcC* in 1849 compiled a detailed study of the cases, described 
the s.\Tnptoms, and classified pulmonary hcniias. 

In 1925, Jlontgomor)- and LulJ! in an extensive review of the literature 
found 165 ca.scs. Goodman' in 1933 compiled 171 cases from the literature. 
Maurer and Blades’ made the most recent study of lung hcniia and reported 
seven additional cases—the largest individual report in the recent literature. 


C,\.SK RFJDRT 

Mr. L. C. B., tiffed 40 ywira, a atoamfittor, entered thbi hospital on March 28, IWC, -vritli 
^ history of haiinp been in an automobile accident at 0 a.m. March 27, 3040. On admission 
tho patient Tras found to have multljdo lacemtloM nml nbmslons about the face, head, and 
left side of tho chest j mnrk<Nl sulicntuncoua cmi)h}*»onio of tho chest imll and sapmclavicclnr 
and multiple fmeturos of tho loft sixth, seventh, eighlli, nnd ninth ribs posteriorly. 
There was consldcmblo displacement of tho fmcturo<I soffments of the sixth and sovontU ribs. 
A loft licmothorax and hcmoporlcnrdlum onsuoil but under consorvativo therapy spoatoneoas 
*^orery occurrod except for slight pain nnd tendemoss in tho region of tho fmcturwl ribs. 

On Jan. 10, 1047, tho patient was readmitted to this hospital complaining of pain in the 
left posterior portion of tho chest. Tho patient stated tliat following prorlous hospltaliintion 
ho was unable to work bccauso of pain. Tlio pains wore described na beginning beneath the 
loft Bcapnla and mdlntJng Intemlly to the loft shoulder. Tho pains wero burning in character,. 

and o^mvatod by coughing. Tho patient also complained of dyspnea and slight 
hemoptysiB on sevornl occasions. 

Physical examination ou admission roi'cnlcd n woU-dovelopofl and well-nourished white- 
ambulatory and not acutely ilL Temperature was 98.0* F., pulse 100, and respiration 20. 
e right pupil was contracted and tho loft pupil dilated; pupillary reflexes were nbsenL. 
oro was marked dontnl caries. Tlio chest was barrel-shaped; a doprcaslon was noted be- 
tho inferior angle of tho loft scapula over the sixth and seventh ribs jiosteriorly. The- 
^epreasb n was partially covered by tho scapula. There wna a palpable defect in tho cheat 
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arborization. Heiss’* tbeorj^ considers the stem bronchi as originating in the 
peripherj^ of the lung and by a process of continuous infolding as giiong rise 
to tile connecting and terminal structures of the linig parenchjma. Such 
peripheral development has occurred in the case described; it but remained 
for the large bronchi arising centrally to join these smaller elements to com¬ 
plete a normal broneliial architecture of the upper lobe. Indeed, it would ap¬ 
pear that here the mesenchymatous mass that Arey^ denoted as contributing the 
nonepithelial elements to a lung had by a process of metaplasia given rise to 
bronchial epitiielium. A more likelj' explanation is that the epithelium of the 
cyst and small bronchi arose from the bud of the left upper lobe bronchus, ivhich 
bud later was incorporated into the lower lobe. 

CONCLUSION 

A ease of ectopia bronchi of the left lung has been presented. Reference 
has been made to the prevailing theories of the development of the tracheo¬ 
bronchial tree and of the lungs, and the adcquac.y of these h's’potheses has been 
questioned, particularly when reviewed in an effort to explain the anomaly 
described. If the knowledge of pulmonary embryology and the abilit;\" to diag¬ 
nose lower respiratory tract anomalies is to keep abreast of recent advances m 
anatomy and surgery, detailed consideration must be given to a collection of 
many case repoiTs such as that herein presented. 
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inlratmchcnl anCTitliwin nn incinlon wnn mmlc ovor (ho seventh rib ertcnJlng from t!io tmns- 
TCTse iiroc «5 poptcriorly lo tlio jmfitorior oxillnr)’ lino. Tho incision Avns citendotl do\7n 
throap;1t tho mnwlc nnd fnj*cia until the pleum tvns rcnclictl. In portions tho plcurn wafl 
foand directly Wnontli tho skin. Tho hernial me ronsiptod of divcrticulnr ontpouchlnga of 
the plcum extending out over tho posterior surface of the rilrt*. Tho wic ^Tfl5 dipscctc/l free. 
Tho sixth rib was found to ho fmeturod In two places nnd the distal end of tho middle frag¬ 
ment nms embedded in tho jmimonnr}* ttssuo undorlylug the fiftii rib- Tlds wob freed and 
bronglit up into tho opomtive field. The i»evonth rib this .similarly fractured witli tlie fmg- 
ment di8place<l do\m under tin* olghtli ril». Tlda was likeuiso fiwJ jind brought up into tho 
opemtlre Held. Tho elgidh rilj luid iKvn fractured but had lionlcHl wifli only a moderate amount 



«—r’dMtopcmtlvo cliest x-ray view tnkon Mny 20, 3017. The defect In the thoracic 
correclod. Periosteal now bone fomtiaUon Ii noto^ Thoro ie nyxl-allffnraent of 
fractarea ^lUtlof: from IneufCIcient ImmoblUanUon. Nnrrowtnp of the lutorepaces nnd 
of tho pf^ra Jn the left nildportlon nnd base nro obaorvod. 


of deformity. Adhesions of tho lung to the hrminl sac were found and freed nnd the lung 
showed to retract into tho pleural cavity. Tlio hcmlal aac was then removed and tho edges of 
pleura were approilmate<l with No. 000 chromic catgut sutures. Tho ends of the seventh 
^ ^re freshened. Holes wore bored into encli end and a flno stainless steel wiro was used 
‘Pproiimate them. The sixth rib was similarly treated. Tliis brought the riba fairly well 
Q normal alignment Tlio overlying muaclcs and fascia were then closed with Intorruptod 
•^romio catgut sutures. Tho skin was closetl with Intcrmptod black silk suture*. Tho patient 
'®ceivod 600 c.c, of cltmted blood and 1000 c.c, of glucose in saline during the operative 
proecdurcj. 

^ ^<>*topcraUve coarjc.—Shortly after tho patient’s return to his room- respiratory om-- 
wrrasaneut was noted, necessitating water-trap suction to reduce excessive pnonmothoax; 
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suction was discontinued after two hours. General supportive therapy was instituted and peni¬ 
cillin was administered intramuscularly every three hours until Peh. 22, 1947. A moderately 
severe persistent cough associated with moderate mucopurulent sputum and left chest pains 
were noted postoperatively. X-ray examination of the chest on Feb. 4 showed some fluid in 
the left chest. Tliis increased in amount, necessitating the aspiration of 870 c.c. of sero- 
sanguineous fluid on Feb. 10, 350 c.c. on Feb. 13, and 50 c.c. on Feb. 26; 100,000 units of 
penicillin were instilled into the pleural cavity after eacli thoracentesis. The sutures were 
removed on Feb. 10 at which time the wound edges appeared sliglitly reddened and indurated. 
The patient was allowed up in a wheel chair on the same date and soon thereafter was ambula¬ 
tory. He developed a laryngitis on Feb. 20 which was treated with peniciUia inhalations and 
responded slowly. The wound was well healed and when last seen in June, 1947, there was no 
evidence of recurrence of the lung hernia. The patient has vague chest and shoulder pains 
which seem to be greatly exaggerated. Re-check x-ray views on May 20, 1947, reveal Eome 
residual thickening of the pleura with narrowing of the interspaces on the left; at the site 
of the hernia repair there is some displacement of the rib fragments and evidence of 
periosteal new bone formation (Fig. 2). 


DISCUSSION 

The classification of lung hernias as devised by !Morel-Lavallee in 1849® and 
accepted by most autliors is as follows: 

I. According to location: 

A. Diapliragmatie 

B. Thoracic 

C. Cervical 


II. According to etiology: 

A. Congenital 

B. Acquired 

1. Traumatic 

2. Consecutive 

3. Spontaneous 

4. Pathologic 

Korol,® Hartnng,® and othere question the occurrence of diaphragmatJC 
lung hernia. There has been only one ease reported in the literature. Beale 
in 1882 reported the case of a 22-year-old white man who was nhmed to the 
ground by'^ a cart wheel striking him in tlie right abdomen. There was no ex 
temal wound but autopsy revealed a defect in the right diaphragm throng 
which the lung had apparently herniated tvith strangulation and abscess forma 
tion. Korol® considered this case as one of prolapse rather than herniat^- 
Because of the pressure relationships, herniation of the lung through the 
phi-agm appeal’s unlilvely. . ^ 

Korol® included mediastinal hernia in the category of lung hernia. 
mediastinal lung hernia is a herniation of the huig through the medias 
septum into the opposite hemithorax. Korol stated that it is the most 
form of limg hernia, although few cases are noted in the literatiu’e to 
this. It is said to occur frequently foUowiug modem collapse therapy ( 
Hartung). The'herniation occurs either anteriorly in the space 
sternum and the heart at the site of the atrophied thymus gland, or pos er 
heU'een the esophagus and aorta below the level of the trachea an ai i 
azygos veiur Mediastinal hernias'are brought on by emphysema o 
associated rvith contraction, atelectasis, or absence of the opposi e 
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may follow the abniidonmont of a long-contiimcd pnouniolhorax. The pleural 
hernia of a tension pneumothorax is not to he confused with a mediastinal lung 
hernia. 

Ccrrical lung hernias occur through the superior aperture of the thorax 
between the stomocleidomastoid and sealcniis anticus ninselcs and arc due to a 
tear or a deficiency of Sibsou's fascia xvhicli normally limits the cciwical ex¬ 
cursion of the apex of the lung. Up to 1938 there had liccn only twenty cases 
reported in the literature.'’ They are usually said to be congenital. 

Tho most common form of lung heniia is the tboracic or intercostal. Out of 
seventy-eight case rcimrts reviewed by hlontgomcry and IjIUx"’ there wci-o 
skteen ceirical hernias and sixty-two thoracic hemias. Thoracic hernias usually 
occur anteriorly near the stenium and posteriorly near tho vertebmo. This is 
said to be due in each case to a locus minoris rcsistentiac in these areas, ana¬ 
tomically due to tho fact that the external intercostal muscles extend forward 
only ns far ns tho costochondral junctions and the internal intercostal muscles 
extend posteriorly only to the angle of tho rib. Thoracic hernias arc said to 
be more frequent anteriorly due to the fact that the pcctomlis muscles cannot 
give as good support ns the trapezius, latLssmus dorsi, and rhomboidcus muscles. 

Montgomery and Lutz, in their review of 165 cases found in the literature, 
reported an incidence of 29 (18 per cent) congenital or early acquired hemias, 
83 (50 per cent) traumatic, and 53 (32 per cent) spontaneons hemias. There 
has been some diltieulty in determining whether a hernia is congenital or not. 
This is cspccinlly true when the hernia appears many montlis after birtli. 
Hoehsinger” stated that all hemias ocenrring in tho first few weeks of life must 
be considered as congenital. Congenital lung hernias are duo to several factors: 
(1) Weakness of Jho anatomic structures about tho apex of tho lung; (2) ar¬ 
rested growth of sthicturcs, that is, chest wall, stomal clefts; (3) intrauterine 
abnormalities such ns pressure of an elbow against tho fetal chest, amniotie 
bands, and pressure from tumors. 

The great majority of acquired hernias arc traumatic. A traumatic lung 
hernia may develop at any time after injury. Those first appearing late after 
mjury have been classified by' Morol-Lavallcd ns consecutive hernias, ilost writers 
‘'Sreo that this subdivision is superfluous and merely group aU such eases as 
traumatic hemias. Traumatic hernias may develop follomng operative wound, 
penetrating or bullet woimd, or crushing injuries. Lung hemias arc only infro- 
qncntly noted following chest surgery. Careful subperiosteal resection of tho 
nbs in thoracoplasty and other chest surgery' probably accounts for the rarity 
of this complication. 

Spontaneous lung hernias arc tho result of two factors, namely, a locus 
^luoris rcsistentiac (that is, an area of local decreased resistance in the bound¬ 
aries of the chest carity) and an abnormal increase in tho air pressure in tho 
^veoli of the lungs. The abnormal increase in tho intrathoracic pressure may be 
one to various factors. Paroxysmal congliing, wliicli may lie due to a variety 
of conditions such as chronic bronchitis, bronchiectasis, whooping cough, pul¬ 
monary abscess, and foreign bodies of tlie lung, is an important etiologie factor. 



266 


THK JOURN'AIi OF THORACIC SURGERY 


Occupations, such as glass hlowung and playing of -wind instruments, have been 
found etiologicallj" responsible for a number of eases. Violent muscular exertion, 
such as heavy weight lifting or childbirth, is a third factor in the occumnce 
of kuig hernias. 

Pathologic lung hernias result finm a variety of diseases of the chest vail 
which produce a locus minoris resistentiae. Abscess of the chest wall and breast, 
perforating lung abscess or empyema necessitatis, and malignancies have all been 
responsible for the occurrence of pathologic lung hernias. 

According to hlontgomeiy and Lutz, lung hernias are three times more he- 
quent in males. Other authors report an even gi’eater incidence in males. 

The sjTuptoms of lung hernias are varied. Goodman^ listed three cardinal, 
symptoms as follows: bulge, cough, and pain at the site of the bulge. The onset 
is usually insidious accompanied by pain and cough. The cough is chronic, 
spasmodic, and may or may not be productive depending on the underlying 
pathology^ Early, the traumatic hernias are usually obscured by the more se¬ 
vere signs and symptoms of injury. The hernia may rarely become incarcerated 
or strangulated producing inflammatory changes. 

On physical examination there is noted a bulging mass which increases on 
forced inspiration. A defect in the chest wall is usually'' readily demonstrable. 
VTien the hernia is protuded, the soft spongy crepitant consistency of the lung 
may be noted. A scar may' or may not be present depending on the etiology'. 

X-ray and fluoroscopy' may'' be of assistance in demonstra'ting the defect of 
the chest wall and an area of increased translucency' may' he noted outside.the 
normal pulmonary' boundaries. In mediastinal hernias there may be an asym¬ 
metry' of the chest and on x-ray' examination a large hy'per-aerated lung is seen 
to extend into the opposite side in one or two bulgings having definite ,conv^ 
outer bordei's. The upper bulge is anteriorly' between the first and fouith n 
and the lower bulge is posteriorly' beLveen the fiftli rib and diaphragm. 6 
trachea and esophagus are displaced to the contracted side. 

The diagnosis of lung hernia is not difficult if the condition is kept in ' 
The physical findings are readily' apparent. The differential diagnosis 
be made from subcutaneous emphysema, perforating empy'cma, aneuiysm 
intercostal vessels oi- aorta, fibroma, lipoma, and hemangioma. Mediastma ^ 
hernias must be differentiated from the pleural hernia of a tension pneumo o 
in which there is no lung herniation present. 

Complications are rare. Strangulation and gangrene of the lung may 
Hemopty'sis is not infrequent. The prognosis of lung hernia is good; it is r 
fatal, but rarely' heals spontaneously'. - .. 

The treatment of lung hernias is either medical or surgical. 
ment is ip the main palliative consisting of rest, change of occupation, an 
compression with pads and elastic devices. "With palliative treatmen 
in the chest waU may become increasingly' rigid, but the hernia, ^ 
smaller, w'iU stiU persist; an increase in intrathoracic pressure vn ^ ^ 

turn and increase in the size of the protnsion. Surgery is contrain 
number of cases due to the underly'ing pulmonary pathology' an g 
dition of the patient. 
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Surgcn- olTcrx tlie only hope for u perinnnent ciii-c. Vniioiis operative pro¬ 
cedures have l)ccn devised. Voglcr' in 189S performed u pln.stie oitcrntion using 
periosteum or bone (Inp from the sternum. Viilpiiu* in 3S98 [miformod n plas¬ 
tic operation in which he ero.ssed stri))s of ribs which were suturwl in ])hicc with 
silver wires; this hernia recurred in one year. Tufllcr'' in 1891 reported a cure 
by freeing and ligature of the hernial sae. <indium' in 1922 treated a spon¬ 
taneous cervical hernia ns.soeiatcd with an adenoma of the thyroid by e.xeision 
of the adcnomatoiLs thyroid and packing of the wound with iodofonn gauze. 
The packing was removed on the fifth po.sto|M;rative day and tlie wound healed 
without recurrence of the hernia. Montgomery and 1/Utz” in 1929 re|)orted a 
case of traumnlic intercostal hernia cured by an osteoplastic procedure. 

fioodman’ in 1933 treated a traunialic consecutive intercostal hernia in a 
42-ycnr-old .seaman by jicriostcal plastic closure. The redundant idcura was 
resected and closed with continuous catgut suture following which the |>eriosteum 
of the rib almve the defect was reflected downward, the ])criostcum of the rib 
below the defect was reflected upward, and Imth were sutuied over the defect 
with chromic catgut. 

Winkcl'* in 1933 raported a cure in a traumatic intercostal hcniia by a 
repair consisting of weaving of fascia lata striiis acro.ss the defect. 

depair of the defect with tantalum plate has been attempted by Paulson* 
hut has boon found unsatisfactory because of difilculty of immobilization of tho 
chest wall. 

These have in tho main been individual case report,s. .Maurer and PIndes* 
laivo undoubtedly had the largest individual experience with the surgical treat¬ 
ment of lung hernias in recent times. In 1940 they imported .seven cases of trau¬ 
matic intercostal lung hentias, four patients of whom submitted to surgeiy eon- 
sisliug of closure by periosteal flaps. In addition, they rciiortcd four eases of 
henuation of tho liver and peritoneum through the lower thoracic cage which 
were repaired in a similar manner. Rcsidts have l)ccn excellent. Jlaurer and 
liladcs believe that any defect of the chest wall regaisllcss of size can usunlly bo 
repaired by plastic procedures utilizing only structures which are a part of the 
chest wall, namely the rib, periosteum, and masclc. The most imiiortant feature 
u closure of the defect with sturdy bone or i)crio3teum which will i)rodnce Imne. 
The freeing of adhesions and of the lung almnt the margins of the defect u-ith 
the creation of a local pneumothorax is important in the production of a cushion 
between the lung and the freshly repaired chest wall. This serves to reduce to a 
minimum the possibility of tho lung being forced into the ehtst wall by cough¬ 
ing and straining during tho immediate postoperative course. 

SUilMABV 

A review of tho available literature concerning lung hernias has been pre¬ 
sented. 

^ tmic lung hernia is a pretusion of the lung and its pleural membranes 
rough an abnormal opening in the thoracic cnclo.suro. Its classiflention, 
etiology, symptoms, and treatment have been reviewed. The diagnosis is not 
ffleult provided the condition is kept in mind. 
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The acute experiment was performed under sodium pentotiial-socliim 
barbital anesthesia (sodium pentothal 20 mg. per kg., sodium barbital 150 mj'. 
kg.). A rubber catheter was passed through the external jugular vein into the 
right veutriele under fluoroscopic guidance. At the time the dog was under the 
fluoroscope the state of the heart and lungs was noted. In no animal was 
there an accumulation of pleural fluid. Residual pneumothorax was minimal. 

Right intraventricular pressure was measured through the intracardiac 
catheter by a water manometer; mean systemic blood pressure was measured 
from a cannula in a femoral artery. Cardiac output w'as estimated by the direct 
Fick principle, mixed venous blood being withdrawn from the catheter in the 
right ventricle and arterial hlood being taken from the uncanniilated femoral 
artery by needle puncture. Blood oxygen content was determined in duplicate 
by the method of Van Slyke and Neill. Oxygen consiunption was measured 
continuously with a modifled Roth-Benediet spirometer. An endotracheal 
catheter attached directly to the spirometer eliminated the necessity for ti’ache- 
otomy. Leakage of air around the catheter was prevented by inflating a tlim 
rubber cuff fitted to the outside of the catheter. This method made it possible 
to record any changes in tidal air and rate of respiration as well as oxygen 
consumption. 

Records were made until the dog tvas in a steady state, usually one to two 
hours after the anesthesia had been given. Simultaneous arterial and right 
ventricular hlood samples were then collected for estimation of the cardiac out¬ 
put. The ligature about the lung I’oot was tightened bj’’ pulling on the end 
protmding through the chest wall. Occlusion Avas complete in 4 to 8 seconds. 
During this period continuous I'eeordings w'ere made of oxygen consumption, 
tidal Amlume, right intraventi'icular pressure, systemic blood pressure, an 
Lead II of the electrocardiogram. Withm 5 minutes of ligation samples of bloo 
were again drawn for the second cardiac output determination. The recordings 
were continued one to two hours or until the animal died. 

A total of twenty dogs were studied. Autopsies Avere done hi all cases. 
The condition of the lungs, the efifectiAmness of the ligature about the Imig lo® ’ 
and the state of the heart were obserimd. In all instances the ligature effective y 
occluded the bronchus and accompanjdng blood A^essels. 


RESULTS 

The sudden ligation of one lung root caused an immediate rise in ri^ ^ 
intraA^entrieular pressure of from 20 to 129 mm. of Avater (averap 5 
lasting 3 to 60 minutes (average 25 minutes). There Avas a 
of the heart for 4 to 5 beats but no other change in the electroear 
Systemic blood pressure showed a transient fall of 10 to 15 mm. Hg : 

time the ligature around the lung root was being tightened but rose aoSi 

the preligation level and remained steady (Fig. 1). , „ root 

In eight dogs the changes in cardiac output after ligation, of t le^ 
were no more than ± 200 c.c. per minute (from ± 5 to 17 per cent of 
value), and these were considered insignificant variations. (Signi 
based upon both the limits of accuracy of the method for deteimina 
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oxygon content of tlio bloo<l snnii)tc» nml clmngcs in output wliicli nijglit rcnson- 
ably be expected to occur over ii teu-niiiiute period under bnrbitiirnte imcstbe- 
sia.*'’“) Tu tlirce dog*; tbcrc wore inoroiisos in onrdine output of -tOO c.c., 800 
C.C., nnd 1,900 c.c. per minute (' 25 per cent. 02 per cent, iind GO per cent). In 
six instnnees tiie output dccrcnscd 000 c.c. to 700 c.c. per minute (18 to 45 per 
cent), nnd in two the outjmt.s fell 1.600 c.c. iiud 1,900 c.c. ]ior minute, dccren.'ies 
of nil ]ier cent nnd GS per cent. 

mmHjp 15a 

■'-- 

SO 



T 




'™ffltbtttttttti|iii i i ii i|iitiiiiii u initii u itti mm tm mm m mm ttnt n i)i m tmtttti tm iit niiau iti iti iii i ii u ti 

!•—Effect* or llcntlon or rlclit lund root (Doe let at arrow. A, nieht Intravon- 
orSHH tro'cre; D, Imoo line nl l.'vd or richt ntrluni: C, recnlmOon nnO orj'een u»«; D, mean 
“f'erai Mood preoouro (renioml nrtciT) : B. Iwao One ror blood prcKrarc, t occonil Intcn-nla. 


Tlie oxygen consumption before nod after ligntion remained es.sentinlly 
the same. In twelve dogs tbc minute volume of rcsiiirntion did not cbnnge 
signiGcantly; in four of tlie.se neitber tbe tidal air nor the rate of reapimtion 
changed, nnd in eight nn increase in rate of respiration wn.s ])roportionnl to n 
dccrcaso in tidid air. (Signiflennec was based on the fact that, with tbo spirom¬ 
eter used, tidal air could bo estimated within 10 o.c. A change in minute 
Yolnme of less tlmn ton times tbe rate of re.spimtion was considered iusignifl- 
^®t.) The minute volume decreased .900 to 800 e.c. (19 to 25 per cent) in 
o'tr dogs; in tlirce of these this xvns due to a deerense in tidal air without a 
wmpletely compcnsator 3 ' increase in rate, aud in one exceptional case in which 
’^irntiou became suddenly slower nnd deeper tbe decrease in rate .(41 per 
'i^tt) was greator tlian the increase in tidal air (37 per cent). Tbe minute 
volume increnacd 1,000 to 1,100 c.c. (30 to 44 per cent) after ligation in four 
tnstances due to a very large iuerensc in rate of respiration (25 to 69 jier 
out of proportion to any change in tidal air. 

•In the twelve dogs with no significant change in ovc'r-all minute volume there 
'vas no significant change in the efficiency of respiration ns measured by the 
ventilation equivalent. (A''entilntion equivalent - liters of air necessarj' to be 





272 


THE JOURNAL OP THORACIC SURGERY 


ventilated for the absorption of 100 c.c. of oxj-gen.®) With an increase in 
minute volume, the efficiency decreased (ventilation equivalent increased); 
with a decrease in minute volume efficiency of oxygen absorption increased 
(ventilation equivalent decreased). 


Table I. Cakdiovascular Function Before (A) and After (B) Pneumonectomy 
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At the end of the acute experiment eighteen of the twenty dogs had ap¬ 
parently compensated for the functional removal of one lung. The blood pres¬ 
sure had been maintained and thez'e was no respiratory difficulty. Two failed 
to compensate. One of these showed a decrease in cardiac output from 2.8 to 
0.9 liters per minute, the stroke Amlume falling from 16.5 to 5.3 c.c. Systemic 
blood pressui’e fell immediately from 72 mm. Hg to 54 mm. Hg, rose to 86 mm. 
and then fell gradually until death occurred at the end of one hour. At antopsy 
the heart was f onnd to he dilated and the right heart and pulmonary artery filled 
with tlie round worms Dirofilaria wmiitis. On section the blood vessels in ffie 
lung were also found to be full of microfilariae of D. immitis. The cardiac 
output of the second dog fell from 3.0 to 1.4 liters per minute, the sj'stemic 
blood pressure decreased gradually from 130 to 64 mm. Hg, and Traube-Hering 
waves appeared. After two hours the animal appeared unlikely to recover 
and was sacrificed. At autopsy the heart and lungs were grossly normal. 

DISCUSSION 

The conditions under which the experiment was carried out were 
not entirely normal. Barbiturate anesthesia is known to decrease the ear 




Table IT. Pulmoxary Function’ Betobe and After Pneumonectomy 
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output of an auiuial.®’ Aeeording to Shore and associates® the decrease in 
cardiac output Avith anesthesia is neither eoustant nor predictable. Over. 20 
to 30 minute periods they cite decreases of from 10 to 30 per cent, and, on the 
other hand, over some 90 minute periods they have found decreases of only 
6 to 7 per cent. In our studies the two estimations of ckrdiac output -were 
made not more than 10 minutes apart, and at least 60 minutes after induction, 
hence, since the animal was in a steady state with regard to blood pressure 
and oxygen consumption when the ligature was tightened, it may he assumed 
that any change in cardiac output more than 10 per cent in the period im¬ 
mediately following could he attributed to the manipulation. 

The experiments were done with the chest closed to enable a continuous 
recording of both oxygen consumption and the details of pulmonary^ ventila¬ 
tion. The dog was breathing against a deftuite resistance at-all times, but this 
resistance was constant, and relative changes in the character of respiration 
were readily seen. 

Since we found the right pulmonary aidery to be slightly larger in diam¬ 
eter than the left, the right side was used after the first few experiments as 
the side which might he expected to give the greater changes. 

Compensatory circulatory and respiratory mechanisms were sufficient ui 
all but two dogs to maintain the systemic blood pressure and the oxygen con¬ 
sumption virtually unchanged. This speaks for the large reserves of the 
vascular bed and aiiuvays of one lung which can immediately take over the 
functions of two. 

The outstanding change in the cardiovascular system, which occurred m 
all but one instance, was an increase in right intraventricular pressure, Thn 
rise was relatively slow in development, taldng from 2 to 10 minutes to rea 
its peak, remaining on a plateau for 10 to 15 minutes, and gradually falling o 
the preligation level in 25 to 30 minutes. It was not correlated with cbanoCS 
in cardiac output, stroke volume, or systemic blood pressure. One might ex 
pect that the sudden removal of a large part of the puhnonary capillart ^ 
would result in gi’eatly increased resistance in the pulmonary circuit. The re 
turn of the ventricular pressure to its former level suggests that additmna^ 
A'aseular channels were opened, or that existing vmssels increased in un 
the increased pressure. This opening of a reserve vmscular bed has been pos 
lated preriously by TigerstedO^ and by Wiggers.’® • 

The cardiac output following compression of the puhnonaiy artery 
been of interest to many observers. In 1907 Tigerstedt,^^ measurmg 
output of the left heart Avith a stromuhr, found that it was only slig ^ 
creased bj'^^ ligation of the left pulmonaiy arterJ^ Haggart and Wa 
nine experiments on eats, also formd only a slight decrease in 
with compression of the left pidmonaiy artery. Fineberg and Wiggei’s 
decreases in left A-eutricular output with compressions of the pulmonary 
exceeding 41 to 72 per cent (average 58 per cent). 

In the present studies there was no change in cardiac output 
experiments. In three the output increased. In eight there. Avas a sigm 
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decrease iu cardiac output folloAviiift lipntion o£ a luup root. Witli a decrease 
in cardiac output up to 45 per cent, compensatorj' lueclianisins Mere adeciunte 
to prevent n clianpe in Byateinic blood pres-sure. In the two cases in wliicli the 
cardiac output fell 53 and C8 per cent tlic arterial blood pressure fell steadily 
over the remainder of Uio c.vpcrinicntnl period. 

Tlie clianpea in cardiac output, when they occurred, apimarcd to depend 
largely on changes iu stroke volume. Although the lieart rate nas usually some¬ 
what altered by ligation of the lung root (nverngo change ])lus or minus 19 bents 
per minute), the direction of eliauge was unpredictable and tbo magnitude not 
sufllcient in itself to effect a significant iueren.se or decrease in cardiac output 
if not associated with a similar ebange in stroke volume. Out of a total of 
fifteen dogs, eight showcil changes iu stroke and pulse opposite in direction; five 
resulted in signifienut changes in output in the direction of the change in stroke 
volume. Two dogs maintnincil a constant heart rate but variations in stroke 
volume were Rufllcicut to bring about sipiificant alterations in cardiac output. 
In three iu.stnnees in which there was a signifienut dccrcnse iu cardiac output, 
changes in stroke volume and hejirt rate were parallel. 

With ligation of one lung root a certain volume of blood is trapped in tbo 
lung. "What part this plays iu the reductions of cardiac output iu these experi¬ 
ments is not known. 


There was a transient dro]) in systemic blood pressure wliicb occurred ns 
the ligature was being pulled tight. Parin’* has described a fall in sj-stemic 
blood pressure whieb he believes due to a rcllex mediated through the vagus 
nerve from pressoreceptors in the imlmonary artery. The prcs-surcs mod by 
Parin experimentally were 40 mm. of fig or above. In the present studies the 
pressures in tlie right veutriclo, and therefore in the pulmonary arter 3 ', did not 
approach 40 imn. of Ifg. Furthermore, the transient fall in blood pressure did 
not coincide with the rise in right intraventricular pressure hut preceded it. 
TIic transient blood pressure drop did coincide with a brief slowing of the heart, 
and was probablj' caused by vagal stimulation set up by tugging on the lung 
noot. Vagal arrest never occurred. 

The adjustment of the respiratory’ system to tlie sudden removal of one 
functioniug lung was complete in that oxj'geu continued to bo absorbed at a 


constant rate. It is obvious, then, that the remaining lung began immediately 
to absorb as much as double the oxygen it had absorbed prior to ligation. 

The changes in ventilation of tbo remaining lung were unpredictable. 
Theoretically, oxygen consumption could be increased by either increasing the 
minute volume of respiration or the cfficiencj' of oxygen absorption or bothi 
In over one-half the dogs the recorded minute volume did not change, which 
means, in actual fact, that in these cases the minute volume of tbo one remain¬ 
ing Imig approximately doubled. Two factors determine minute volume: rate 
° respiration and tidal air. Over-all minute volume was maintained unchanged' 
ei her by a large increase in tidal air of tlic remaining lung or by a smaller in-, 
crease in tidal air together with an increase in respiratorj' rate. ‘ ' 

In other dogs there was altered effteienej- of oxygen.absorption, as in'' ' 

J the ventilation equivalent, due to changes in the .minute volume af' 
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tion and no real change in ox3"gen nse. Since the ventilation equivalent is a 
ratio between the minute volume and the oxygen uptake, it varies as these trvo 
factors vary. The rate and depth of respiration are controlled by complex 
nervous and chemical mechanisms. Oxygen absorption in the lungs, on the other 
hand, is a ph}’sical process depending upon such conditions as the permeahiUty 
of the alveolar and capillary membranes, the area of the absorbing surfaces, 
the time of exposure of the blood to the alveolar air, the total volume of blood 
exposed to the alveolar air in anjr period of time, and the difference in partial 
pressure of the ox^’^gen of the alveolar air and the blood of the pulmonary ar¬ 
tery. Minute volume and oxygen consumption may vary independently, and 
the ventilation equivalent may be affected by alterations in either. For example, 
in Dog 18 the ventilation equivalent before ligation was 3.9, for 30 seconds 
after ligation the tidal air was very small and the rate of respiration slow, hut 
oxygen use was not reduced proportionally to minute volume. The ventila¬ 
tion equivjilent at this time was 1.8. Respiration gi’aduaUy became deeper and 
faster; oxygen consumption returned to the preligation level and the ventilation 
equivalent became 2.9. These changes in ventilation equivalent denoting al¬ 
tered efficiency of oxygen absorption per liter of ventilated air depend upon 
reduction of minute volume of respiration rather than changes in oxygen uptake 
following ligation. Oxygen absorption was but little affected by the operative 
manipulation, whereas respiratory movements were momentarily inhibited, pre¬ 
sumably through neiwous reflex mechanisms. 

Since the ventilation equivalent which relates the two factors of minute 
volume and oxj’-gen uptake is not a constant, it does not appear to be a neces¬ 
sarily reliable index of respiratoiy function, at least when conditions are basal. 
There is, of course, a limit to the capacity of a lung to absorb oxygen. Tins 
limit ma}’’ be reached more quickly in lungs witli diseased alveolar membranes 
or greatly decreased alveolar surfaces. To approach such a limit would mean 
increasing the oxygen demand until the lowe,st possible ventilation equivalent 
had been attained. Under such conditions of stress the ventilation equivalent 
might prove to be a better criterion of cardiorespiratory function. 

These studies do not indicate to how much additional stress, such as exer 
cise or an increased blood volume, an animal could adjust after pneumonectomy. 
Longacre and associates^®’ found some indication of the loss of cardiorespira 
tory reserve after pnenmonectomy in chronic experiments measuring 
of dogs to exercise, using pulse, respiratory rate, body temperature rise, 
arterial oxygen saturation as criteria of function. 

Ligation of one lung root does put increased stress on the right ven 
Right intraventricular pressure increased in all but one of the cases m 
Fineherg and Wiggers® have found that the right ventricle, like the 
, to meet increased peripheral resistance by an increased force of con 
but tliat the range of compensation is extremely narrow. Almost a o 
dogs were able to adjust to the added stress put on the right ventric 
though 40 per cent showed an immediate reduction in cardiac output, sys^ 
blood pressure was maintained. What happened to the cardiac outpu 
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succeeding liours ^v^s not detennined. Tying ofT the right l)rnnoli of tlie pul- 
inonarj' artery is equivalent to occlusion of at least 50 per cent of the pul- 
monarj' arlerj-. Fineborg and Wiggers found one dog in their series whieli was 
unable to maintain right ventricular otitput unchanged when 41 per cent of tlio 
pnlmonary arterj’ was oecludcd. Ono dog in our scries with apparently nor¬ 
mal heart and lungs was unable to maintain the systemic blood pressure after 
sudden pnenmonectomy. 

IVith the pnlmonary vascular bed cut in half, it might be expected that the 
pi^urc in the pnlmonnr 3 ’ ciivuit would he inercased more readily. Gibbon, 
Gibbon and ICrnid” showed that in cats when the right middle and lower lobes 
and all of tlie loft lower lolrcs were rcmovctl a blood transfusion of 1,5 e.c. per kg. 
caused death due to pnlmonarj’ edema in four out of nine animals, A similar 
type of study before and after pneumonectomy might prove enlightening. 

In conclusion, the majority of dogs in this series were able to make physi¬ 
ologic adjnstments to the functional loss of one lung; two dogs, ono with heart 
disease and one with apparently nonnal heart and lungs, were not. No at¬ 
tempts were made to mcaauro the eardiorespiratory reserves after such a 
procedure. 

SUiniARY 

1. The details of cardiovascular and respiratory adjustment to functional 
pneumonectomy were studied in twenty dogs with closed chests. Pnenmoncotory 
was aceoinplisbed under barbiturate nneitbesia by the sudden ligation of one 
entire lung root. 

2. Tlie immediate response of the cardiovascular sj-stem was a rise in right 
intraventricular pressure, and, in 40 per cent of the dogs, a decrease in cardiac 
output. Systemic blood pressure was usually maintained. 

3. Oxj-gon consumption before and after ligation was essentially unehauged. 

4. The changes in pulmonar}- ventilation were unpredietahle and consisted 
of increases in tidal air of the remaining lung, increases in rate of respiration, 
and altered cfncieucy of oxj-gen absorption. 

5. Two dogs were unable to compensate for this functional pnoumoneetomy. 
One showed cardiae disease, and one had apparently normal heart and lungs. 
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THE SEGJIENTAE ^VND LOHL’liAR IMIY.SIOEOnY AND PATHOLOflA" 
OF THE LFN'O 

EiiWARn 1). Cnuiiciiii.i., M.H. 

Bo.'ttok, JlAas. 

T he introduction of the concept of scpnieiitnl resection of the lun,(; opened 
whnt wi\s referred to nl that time ns nn iinwritten clm))ter in surgicjil niint- 
omy. This chnpter is now qtiile eoinpletc, mid Rmtitiidc is c.xpres.sod to Brook, 
Blades, Hulier, Boydon, Seanncll, and otiicrs for their pninstaking contributions 
to descriptive anatomy. Jlnsterj’ of tiio tlircc dimensional intricacies of the 
interlacing hronchi and blood ves-scls is now nn essential stop toward the attain¬ 
ment of the precision re(iuirc<l in i>rcscnt-<lny pulmonniy surgerj- Attention is 
now directed to another chnpter that awaits development—the segmental and 
lobular physiology and pathology- of the lung. Some of the material is available 
and a fim structural basis has lieen providetl by William Snow Jliller, but the 
parts remain insudlcieutly related and incomplete. AVhilo the concepts that arc 
certain to emerge may not guide our dissections, they trill provide us with 
methods that arc based on n more eoiiiplcte tuidcrstnnding of tbc organ witb 
which We work. 

Trihute Ls paid immediately to the brilliant eontrilmtion of Van Allen and 
Eindskog on collateral ventilation and the ncrodynninics of broucbial olrstniction 
presented to this Association many yenra ago. I shall return to this later on, 
but wish to comment now on tlic fact that this dLscovcrj’ was made by surgeons. 
Physiologists have Itccn slow to accept tbc results of the easily repeated experi¬ 
ments and the significance of the nreebnniant lias never received the attention it 
deserves. Possibly one reason Ls that physiologists are in the habit of dealing 
with the two lungs as a single organ. It has been their custom to select the 
trachea ns the site to introduce resistmrcc to tbc entrance and exit of air when 
experiments are desigrred to study the aerodynamics of respiration. Similarly 
the analysis of prdmonary edema has Ixsm approached through the mimicry of 
ra^i^ failure with abnormal conditions imposed upon the pulmonary cireulatron 

ortdrcM. Twenty-ninth Annual Moetlnp: oC The American Asooclatlon for 
Sargrery, New OrlennB. I^ru, Slay 20, SO, anti SI. ISIO. 

27D 





280 


THE JOURNAL OF THORACIC SURGERY 


as a Avliole, or through the inhalation of irritant gases that are dispei-sed through¬ 
out the entire respiratorj’- tract. 

The bronchopulmonarj’- segment with its component lohules is a phj^ologic 
unit of the lung just as the segment is a surgical unit of the lung and has become 
a unit of roentgenologic diagnosis. At the level of the segment or the lobule, 
obstruction to the outflow of air produced bj’- disease or by neuromusciflar action 
can produce volume and tension changes Avithin a limited lung area at the 
expense of volume alterations in adjacent areas. The potentialities of tliis' 
mechanism are lost sight of Avhen all lobules and segments are sul)jected to 
identical conditions, Avhieh is the ease ivhen obstruction or resistance is imposed 
at the level of the trachea. The discovery of collateral air drift by Van Men 
and Lindskog brought emphasis to this important difference. 

The increased tension of the air ivithiu alveoli that is produced by partial 
occlusion of the bronchus to an entire lobe is referred to clinically as olistractive 
emphysema. The mechanism of its production by partial occlusion of the huiien 
and a widening of the air passages on inspiration and a narrowing on expiration 
is understood. The basic condition is obstniction to the outfloAv of air. Similarly, 
the acute lobar collapse caused by complete bronchial obstruction and absoiption 
of the ah'eolar air is recognized experimentally and clinically. Both the collapse 
and tlie obstnictive emphysema that might be expected to occur by the same 
mechanisms acting witliin the bronchopulmonaiy segment are subject to the 
special conditions imposed by collateral air drift and also by the secretory 
activity of the bronchial mucous membrane. These Avill be discussed. I shall, 
however, begin A\ith the single lobule or a cluster of adjacent lobules and con¬ 
sider the significance of increased tension of the air Avdthin the alveoli and a 
possible relationship to the onset of pulmonaiy edema. 

The several factors that control the passage of exudates and ti’ansudates 
across the wall of the capillary need not be enimierated. They are itemized m 
a diagram by Drinker (Fig. 1). Attention aatII be confined to the physical foi'ce 
studied by Landis and Gibbon^ that assists in the control of filtration edema m 
the extremities, increasing tissue pressure. These authora measured the effects 
of the pressure that is built up by an increasing A'olume of fluid in the tissue 
spaces as the elasticity of separated tissue elements is encountered. This pre^ui'C 
opposes the filtration pressure within the capillarj^ and sloAvly hiungs tlie lea '8^6 
from capUlaries to a halt. When one attempts to visualize the possibiliL o 
such a force acting in pulmonaiy tissue it is apparent that the unique stiTietiue 
of the lung creates a set of conditions different from those that exist m e 
tissues of the extremities. The lung tissue may undergo alterations in vo urae 
without creating pressure changes of any considerable magnitude. Tissue pres 
sure built up by fluid escaping from the eapfilaries is a control measure 
could be effective in the lung only when carried to the extreme of lobar c^^ 
solidation, at which point the effect of the limiting membrane of the 
pleura might be felt. In any event, the control force studied by Lan s ai^^^ 
Gibbon would be intolerable in the respiratoiy organs, for leakage fioni p^^ 
monary capillaries into alveolar spaces is immediately destiuctive to the prim 
function of the lung. 
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In the lung the eqnivnlcnt oC niounting tissue pressure from fluid mny bo 
found in incrensctl tonsion of tho nlveolnr nir. As long ns the incronsed tension 
is eonflned to n lobule or segment, this portion of lung enn distend through 
cncroaclimont on ndjneent lung without npprccinblo respimtor.v ombnrmssment. 
Wore tho mechniiLsm nctiratod in nil portions of the lung simultnneously, n crisis 
of labored In-cnthing, nnoxin, and, nl times, death would be expected, ns is tho 
actual fnet in bronchial nsthmn. 



To postnlnto this happening in n portion of lung threatened by edema 
requires nn explanation for tho occnrrcnco of obstruction to tho outflow of air 
from a single ni-ea. This is knomi to occur locally in tension cj’sts and carities, 
but in such instances is usually traced to a valvc-like fold of mucous membrane 
or other “ball-valvo” mechanism inherent in the pathologic lesion. In normal 
lung this action could aiiso from local reflex activation of tho neuromuscular 
apparatus of the bronchi, for tho vegetative neuromuscular apparatus of tho 
hunum lung appears concentrated in the bronchial tree. It is true that the 
pulmonary arteries are possessed of smooth muscle but the weight of present 
evidence indicates that the lo.sser circulation is regulated in a passive manner 
except perhaps under certain emorgencj' situations. The elaborate neuromus¬ 
cular structure that surrounds tho air passages has been described in detail 
(Fig. 2). The constant and vigorous activity of this apparatus has been ex- 
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pressed by Macklin^ in the concept of the dynamic bronchus’ Far from being 
rigid tubes, the bronchi undergo inspiratory dilatation with lengthening and 
expiratory construction mth shortening. The -walls of the alveoli do httle or 
no stretching and the factor of safety of their elastic tissue is said to be slight. 

The bronchial musculature is projected along the bronchiole and respirator}- 
bronchiole to form sphincters about the openings into the atria. Sphincters are 
also formed about the openings into the alveoli that arise directly from the 



Fig. 2.—^Arrangement of smootli muscle bands and elastic abers. (From Miller. The I'U 

Charles C Thomas, Publisher.) 

respiratory bronchiole. Trapping of air in the alveoli by obstruction to its out 
flo-w may well result from the sphtneteric action of the bronchiolar niusculatnre. 
The increased tension of the trapped air is dependent upon cough or expirato^ 
grunting. Cough is kno-wn to have a twofold elfect: The forcing of air 
alveoli by the increased pressui-e built up within the air passages, as we as 
expulsion of mucus from the upper portions of the tracheobi-onchial 
that comes on release of the lai-}-ngeal sphincter. Fluoroscopists are 
familiar "with the increased radiance of the apical segments when they 
up ’ ’ -with cough; also "with the dispersion of lipiodol from bronchi into a v 
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with cough. The irritntive nonproductive cough thiit iittcnd.s tile orusot oi! pneu- 
monin or itslicrs in n pnro.\vsm of iiHthmn thus jirovidcs n protective incnsure 
tlint huilds up nir tension in alveoli to support the cn]iillary walls by external 
pressure. 

The sequence of events may lie pictured somewhat ns follows (Fig. 3): 
(1) inspiratory widening of the tenninnl bronehiolcs; (2) early in cx])iration the 
quick closure of the laryngeal sphincter with elevation of endobronchial air 
tension by the nnusculnr effort of a cough or grunt; (3) trapping of nir in lobules 
under increased tension; (4) slow reduction in the tension by collateial nir 
drift through the pores so that on the next cough the lobule receives a bla.st of 
fresh nir with renewed oxygen suiqily. 



LARYNX 

CLOSED 




LARYNX 

OPEN 



*■—ninKTam reproaentlns meclmnUim to cstabllnh and nuvlntnin Intra-alveolar air prwuun: 
eupportlriK cnplllao' 'vall In n wogment or BuLwignicnt of lung. 


Surgeons of World War II, faced by localized pubnonnrj' edema rcsidting 
from the direct trauma of a chest wound, fotuid that the effective course of man¬ 
agement lay in clearing the upper respiratorj^ passages, controlling pain by 
intercostal nerve block, and aspirating pleural blood and air that might bo 
limiting lung expansion. The cough reflex was not suppressed by morphia nor 
was tile cheat wall motion restricted by tight strapping. By these measures the 
"■et massive collapse of the lung seen in World War I was practically unknown. 
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The use of a gaseous medium under tension as an extrinsic means of apply¬ 
ing increased pressure to support the capillaiy wall provides the theoretical 
basis for administering oxygen under pressure in the treatment of irritant gas 
poisoning and other forms of geneivilized pulmonary edema as recommended by 
Barach. The intrinsic mechanism was forecast by Keith in 1909^ and also by 
jlliller,'* who stated that, “the action of the bronchial musculature in expiration 
is not passive, but active, and its action in regulating the tensions vithiii air 
sacs deseiwes more attention than physiologists have given to it.” Surgeons 
who work dailj^ vdth the human lung are well aware of the seeming vagaries of 
lobular and segmental inflation and deflation. Local reflex changes in circulation 
that are commonly observed in the abdominal viscera as a result of manipulation 
and exposure ai’e not discernible in the huig. It is possible that the common¬ 
place local changes in ventilation may have a similar origin and significance. 
Again, the experienced thoracic surgeon holds great concern for the immediate 
restoration of the cough reflex after it has been temporarily^ suspended by anes¬ 
thesia. This is usually rationalized on the basis of clearing the major air pas¬ 
sages. Perhaps it is equally^ uuportant in the protection of traumatized lobules 
from the hazards of posttraumatic edema. 

The level of action for these mechanisms that integrate ventUation and 
alveolar air tension, and that I suggest arc available for edema control, seems 
to be at the bronchiole and respiratory bronclriole, the site of the sphincters 
around the necks of the air sacs. The character of the ejrithelirrnr has ah’eady 
changed before this point is reached and goblet cells have disappeared. At the 
level of the segnrental bronchirs, howermr, the secreting membrane of the respira¬ 
tory tract is rveU developed and introduce.? a factor in obstniction of the air 
passages that does not occur at the bronchiolar level. Obstruction of the seg¬ 
mental bronchus is followed by retrograde filling or drowning of the bronchioles 
and air sacs by the pent-up secretions. In the absence of infection this appears 
to be a relatively benign event. Accurate observations are not available, but 
presumably water and salts may be removed by the blood capillaries and protein 
by^ the lymphatic channels. The lumens of these obstructed small bronchi become 
filled by eydindrical casts of a tough rubbery substance. The situation is le- 
vealed in the pathologic findings of mucoceles and certain cysts hut vuH not le 
explored at this time. However, certain physiologic and pathologic implications 
of the secretoiy activity'^ of the bronchial mucous membrane deserve brief com 
ment if only to displays our present state of ignorance concerning them. 

As an example, consider the enigma of the so-called Kartagener syuidiome 
bronchiectasis, situs inversus, and agenesis of the accessory sinuses. The pa 
genesis of the bronchiectasis component has alway^s been baffUng. When ® ^ 
and I® tried to develop a hyqrothesis some years ago we could only post a e 
other’s had done, that the bronchiectasis was a stigma of maldevelopmeii ^ 
Wlrether the maldevelopment was structural or took the form of some 
predisposition to bronchiectasis could not be determined. It was . 

however, that the bronchiectasis itself took the form of the acquired r’at er i^^ 
the coirgenital tyqie. Since that time I have had the opportunity ^ 
two children wth situs inversus and agenesis of the sinuses but vdt ou 
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chicctnRls (Icmonstrnlilc in comi)lote series oC broncliogrnnis. Both eliildrcn dis- 
plnycd nn extrnordinnry incrensc in tlic seerctory activity of tlic inucons inoin- 
l)mnc of the resplmtory tract. Tliis avm ninnifcstctl by tlio production of large 
quantities of mucous secretions liotli t)y cougli and i)rofuse nasal discliargc. Tlio 
content of pus was minimal. Both children had iiccn boni in tlie chemothera¬ 
peutic ora of medicine and Imth had enjoycsl the protective conccni of \voll-to-<lo 
families able to provide winters in the southwest under able mctlicnl sun cillancc. 
Threatened episodes of respiratory infeetion had licen handled hy pi'eventivo 
meo-surcs including ehcmotlierapy and careful oliservation for collapse and rc- 
expaiaion of segments. The stage was .set for the devclopmeiit of segmental or 
lolmr bronchiectasis hut as yet it had not nppenml. 

In the light of these olwctwations a careful review of the childhood c.xpcri- 
ence of nn intelligent young man with the Kurlngcner syndrome, including 
bilateral Imsnl bronchiectasis, brought forth n rceon.struction of events that 
paralleled the story of the two children. The itrofuse mucoid .secretion in his 
case l>ceamo purulent only after nn attack of bi-onehills at the age of 14. 

It seems, therefore, that the bronchiectasis of the Knrlagcner trilogy Ls n 
secondary manifestation and that the underlying dlsturluinec may be nn altered 
secretory nctitity of tlie respiratory tract epitbelium. 

Bcccntl.v Bergstrom, Cook, and .SeannclB have assembled a family history 
that not only confinns hut throws nddc<l light on the subject. In this family 
the hronchiectasis, or as hius been proi)osed the nlmormnlity of the respirator^' 
tract epithelium that precedes it, oeeurs in two siblings with situs inversus and 
in two others without situs invorsu.s. Whctlier the .stigma that nITcelH the mucous 
nicmhrano has a structural basis, n metnliolic basis, or is attributable to .some 
derangement of the neurosecretory mecimiusfn, remains unknowm. The question 
os to whether the rcspirator.v mucous nicinbranc behaves ns a single organ in 
Its secretory activity or whether lolmr or scgnicntnl regional autonomy of control 
may exist also remains unanswered. 

Beturning to the pulmonary eireulntiou, I remind you that many studies 
on minor pulmonari.' cmlmlism that are now classics have demonstrated n col¬ 
lateral drift of blood in the pulmounr}- eapillaiy network suffleient to maintain 
n slowly moving circulation despite occlusion of sizable terminals of the pid- 
monarj- orterj-. Increased back pi'cssuro in the pulmonary veins or abnormal 
slowing of the capillary stream by reduced respiratory excuiaion may convert a 
bland infarct into n hemorrhagic infarct. It is likely that this capillary blood 
drift crosses segmental boundaries. In the immediate situation imposed by the 
embolism, this drift of blood has no respirator}' signifiennee; haring passed 
through functioning alveoli, the drifting blood is artorinlizcd and not mixed 
venous blood. It may help maintain the integrity of the eapillar}’ wall, although 
there is some appearance of edema even in bland infarction, despite the fact 
that alveolar ventilation continues. 

With the vast margin of safety pi-ovided the respirator}- oigans, the fnne- 
bonal loss of a few lolrales or even segments might seem to ho unimportant. 
There is some evidence, however, to show tlmt the lodgment of minute emlmli of 
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cells and agglomerations of tissue debris in the lesser circulation may be such a 
common event that it can be regarded as a physiologic happening. If this is so, 
the margin of safety would soon be used up if minor embolism in the terminal 
arteries always spelled hemorrhagic infarction. The heabng process would 
reduce such an occluded area to a thin plate of fibrous tissue. A series of healed 
hemorrhagic infai-ctions thus Avould cause the remainder of the pulmonaiy tissue 
to distend ^vith the changes of complementary emphysema and a concomitant 
reduction in functional capacity. Tire limited damage that attends bland in¬ 
farction, in contrast, does not reduce the volume of the lung. 

While the loss of a few square meters of dilfusion surface from the 140 rvith 
which the lung is equipped for its primaiy function of respiration might he 
insignificant, the lung appeal’s designed to conserve a space-occupying function. 
This is ti’ue ei’eii though the respiratory function of a segment is destroyed. 
It is observed in the series of events that follows bland infarction with the col¬ 
lateral draft of capillary blood. The same preservation of lung rmlume appar¬ 
ently to occupy space is also provided for- by collateral air drift, as rrill now 
be shown. 


After tire demonstration of Van Allen and Lindskog" it was expected to 
find many instances where collateral respiration came into play in conjunction 
■with pathologic lesions of the lung. However, both the original experiments and 
the postirlated situations in which the drift of air might serve a useful function 
seemed to characterize collateral air dr'ift as an emergency derice. The reason 
it is irot seen more eomnronhv is that segmental bronchial obstnretion at levels 
chosen for experimental demonstration and as observed rritb tumore, strictures, 
aird foreigir bodies takes place in the secretory zone of the respirator^’ tract 
epithelium. As a result, maintenance of air in the affected alveoli by passage 
through collateral channels soon is masked by the drowning of those alveoli with 
retained seci'etions. One must descend below the mucous cells to the finer rami¬ 
fications of the air passages to find an example Of collateral air drift at play. 
The example I shall provide is not protective in the sense of maintaining gas 
exchange function; it does act to consem’e what I have referred to as the space- 
occupying function of pulmonary’ tissue that protects the remainder of the lung 
from complementary emphysema. 


In describing the techniques of resection of a pulmonaiy segment,® reference 
was made to identification of the boundaries of a segment b.y deflating the lobe, 
clamping the segmental bronchus, and then inflating the lobe. The segment 
remains deflated. This is readily’ demonstrated in a noi’mal lung and holds true 
■until certain fomis of bronchiectasis. After further stiid.v, however, it ■was 
apparent that only in the exceptional cases can this procedure be utilized, hi i i 
the segment under consideration is airless and show’s the fibrotic clianges o 
long-standing inflammation that preclude inflation, or the segment does no 
deflate ■u’hen the endobronchial air pressure is reduced. Indeed, certain of t ese 
segments do not deflate when removed from the body’ and left ■u’ith ■widely open 
bwncliial apertures. The air in the alveoli is trapped air. It then occurrec o 
s that bronchography’ not infrequently shows dilated bronchi extending m a 
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nir-contniniiiR hint; scgnienls, but nuvcr Avitli liiiiodol entering the ntrin and 
alveoli. The dilated bronchi resenible the bmnehos of a sea sponge knoUTi ns 
“dend-mnn’s-fingers" (Chnlitia arlmxcnla) and extend into a zone of radiant, 
nir-eontuining ])nrenehynin but in no way coinniuniente with it. Other oijservcrs 
had coinni?nted on this plienonienon and referred to sneb bronchi a,s “lenlless 
trees.” Robert Klojastoek was working with me at the lime these obsciTations 
were made, and using the techniques of Van Allen and Lindskog it was not didi- 
eult to demonstrate that the im)>ris(meil air entcrisl or escaped from the area 
cither by way of an adjacent segment with normal linmchi or from an occasional 
normal i)rnnch bronchus within the segment. I?y more careful iti-coperativc 


S' 



Fl». 4. 


fluotoseopic examination it avas fKBsiblc to confinn the fact that the air in such 
a segment was indeed trapped exactly ns in obstnictivo emphysema. From the 
standpoint of gas exchange, this area of lung is devoid of function. The air 
that reaches the alveoli ndthin it has nlrcadj' pnsscrl tlirough other alveoli and 
ttfflehod equilibrium with the pulmonary capillary blood. The air-containing 
aegments arc simply filling space. But this, as has been suggested, may have a 
Cunetiomd significance. 

Klopstock studied these surgically removed lobes -with lipiodol injections of 
the bronchi, correlating the obsen’otions with those made at operation and those 
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made wtli air-flow techniques. Brief reference is made to three examples, using 
soft tissue roentgenograms as records. 

Pig. 4 records the lipiodol injection of the air passages of a lobe excised from 
a 23-year-old man with bronchiectasis dating to attacks of pneumonia in early 
childliood. When the chest was opened the right lower lobe appeared emphy¬ 
sematous hut -with little or no deformity in its architecture. The dorsal segment 
deflated when the endotracheal preasure was reduced and inflated when it was 
elevated. The basal segments could not be deflated. The air that filled their 



Fig. B. 


alveoli was trapped, having entered through collateral channels by way o 
doraal segment. The Lipiodol filling showed no communication 
dilated bronelu of the basal segments and tlie surrounduig alveoli o 
segments. 

This specimen shourndj in addition, a phenomenon that is quite 
that provides further confinnation. The dorsal segment displayed t le 
patteim of anthracotic pigmentation, but this Avas entirely lacking in tie 
segments. It is understandable that airborne particulate matter cannot rav 
the tortuous channels of the air-drift filter. 



ClIURCIHLIi: 8EaM^^VTAL ANU LODUI<An I’HYaiOLCKJY ANU PATITOIAKIY 

As nil OMinplo of 11 iiioro coin]ilex sitiinlioii, rofcroncc is iniido to tlic lower 
lobo of n young ndult womnii (Fig. S). Tlic dorsnl .seginont is not injeelcd in 
this surgicnl .spceimen. It still eontiiiii.s n elond of iilvcoliir lipioilol froin the 
prcopcmtivo broiipliogmin showing iioniinl nir.siic nlling. (Inc of ibo tlii'ce biisnl 
Bcgnients appears normal, one is grassly lironebicetatic, and one shows a cylin¬ 
drical enlargement of the bronchi. In only one or two aieas of the segment 
containing the cylindrically dilated bj-onclii do flecks of alveolar filling ap|>enr. 
All of these segments were found .symmetrically dlslondcrl with air when cxiiosed 
at operation, in fact, nivliitcetnnilly tlio lolie appcarcil completely normal. The 
affected segments were being mainlaincrl in an inflated form by collateml air 
drift from the ndiaecnt nomml segments. 


From the gross bioncbiectasis displayed in these specimens, one may pixiceed 
to the state of affairs in the lobe Hbo^vn in Pig. 6. This is the surgical specimen 
from an older woman, aged 56 years. Two liouts of pneumonia had been local¬ 
ised to this lobo, then ensued cough, continuing slight fever, lassitude, and dis- 
ability. Tliis patient was treated for many months with rest, elicmotherapy, and 
elunatic change but without improvement. The dorsal segment shores normal 
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alveolar filling. In the basal segments there are a few areas in which the lipiodol 
entei-s the alveoli, but in general it is the picture of the '‘leafless tree,” par¬ 
ticularly in the mesial segment. There is little deformity that can be termed 
dilatation of the bronchi, and in fact it is a misnomer to classify this disease a.s 
bronchiectasis. The significant lesion appeai-s to he ohlitcraiive ironcliitis and 
bronchiolitis. 

As sliown in the preceding illustration this process may exist in one segment 
and true bronchiectasis in another. In some cases, as tliose described by Blades" 
as pseudobronchiectasis following vims infection, the obliteration appears to be 
temporary; in others, when the finer air passages are converted into fibrous 
cords, it is pennanent. 

For an adequate description of the moi’bid anatomy of the changes in the 
air passages that have been presented, one may go back to 1835.^“ This was the 
era ivlien lungs were carefull 3 ' examined in their three dimensional aspects and 
not chopped up into limp fragments for two dunensioual cellular microscopy. 
In these old illustrations (Fig. 7) of bronchiectatic lobes, the.bronchioles and 
presumably' the smaller bronchi are shown reduced to fibitms cords that can be 
traced to the proximity of the \isceral pleura. Observations regarding the state 
of the surrounding alveoli were not recorded. 

I cannot agree wdth Flciselmer” that this represents a preatclectatic phase 
in the development of bronchiectasis, although this could he tme if the oblitei'a- 
tive fibrosis of the broncM and bronchioles progressed to involve all segments 
of a lobe. It appeal's, on the conti'arj', to represent a static phase of what may 
initialty have been an acute inflammatory process tliat destroyed and obliterated 
the finer air passages. It might actually' represent a postalelectatic phase, if 
collateral air drift penetrates an area that Avas atelectatic during the acute 
phase of infection. 

As I have implied, there are, of course, otlier forms of bronchiectasis m 
Avhich small dilatations and herniations of the bronchial A\-all can be traced m 
the finest bronchial timgs and ei'en in the bi'onchioles. Tliere are other more 
common tyqies AA'here inflammation and filirosis have destroy'cd the arcliitecture 
of the air sacs and bronchioles, and com'erted the lung or a portion of it mto 
an airless, solid organ in AA'hich the mechanism of collateral air drift has been 
forever lost. 

Obliterath'e bronchitis and lironchiolitis AA'ith or Arithout atelectasis may be 
significant in the development of cei'tain types of bronchiectasis and not mei’c y 
be a by'-product of the pathologic process. As a primaty lesion it Avoidd favor 
the retention of secretion in the larger bronchi and possibly' promote the ativp I 
of disuse. Basic to an underatanding of obliterattye disease in the finer an 
passages is a recognition that their lining membranes are very' different ro 
those of the larger divisions. They have a serous rather than mucous seeie 
Thus, it is possible for the flames of infection to sweep across the lung o 
produce permanently obliterated bronchioles Avithout cAudence of co ^ 
fibrosis that is diseei'nible on the x-ray' film. Kecent studies on lung unc i 
tend to confirm this statement. 
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Both capillaiy blood drift and interalveolar air drift are phenomena unique 
to this organ. Respirator}'- function depends on ventilation, not on alveoli con¬ 
taining air; it depends on an active capillary circulation, not on capillaries con¬ 
taining blood. Air-containing lung with normal pulmonarj’- circulation as well 
as blood-containing lung with normal ventilation may be ineffective from the 
standpoint of respiratoiy exchange when the air has entered by way of adjacent 
alveoli and the blood has entered after traversing adjacent capillaries. 


The structure of the lung appears to maintain its spatial integrity despite 
serious functional deterioration. Intricate mechanisms exist that act to maintain 
its volume and shape. It is unlike parenelijunal organs that dwindle in size 
following the obliteration of ductal systems or occlusion of vascular channels. 
It does not become small with the changes of senile atrophy, in fact, the atrophic 
changes of the aging process produce quite the opposite result as recognized in 
senile emphimema. “When normal lung is called upon to fUl spatial demands 
the changes of complementary emphysema ensue, presumably with further reduc¬ 
tion of the functional margin of safety wdth wliich this organ is so liberally 
provided. A segment of the Iddney or the liver may be removed without signifi¬ 
cant reduction of the function of the part that is left behind. Not so with the 
lung. Surgical principles of conservation of function thus center in conservation 
of volume. 


The apparent homogeneity of the structure and function of the lungs is 
highly deceptive. They are not two gas bags suspended in a container. Mor¬ 
phologically and functionally the lungs are a highly integrated organ system in 
w'hieh the whole must be considered in relation to the parts, and the parts m 
relation to the whole and to each other. Tlie two lungs, the single lung, the 
lobes, the bronehopulmonaiy segment, and the lobules must be studied from this 
point of view. Only in this manner can tlie natural laws be disclosed that wil 


ultimately guide pulmonarj’- surgerj'^. 

I have made fuU use of the immunity that a Presidential Address affoids 
to rebuttal and critical discussion. It must be taken for granted that the 
relationships of factual observations that have been presented will be reco^ize 
as hypotheses and valued only as such. I shall conclude with the expr^sion o 
a conviction that is neither a fact nor an hypothesis, but a value ju 
Surgeons who stand on the threshold of the surgery of the lung toda}' \ 
find prestige and fame in treading the easy pathways that were open to t e o 
members of this Association. We enjoyed for a brief period the heyday of 
technical development that follows the initial conquest of a new territory. 
vance in the surgery of the lung will not be derived from technical 
alone. Anyone w'ho gains the opportunity to operate on enough patien s 
have had experience, but it does not follow that one learns from it. 

The area I have outlined is not only unexplored territory but it 
man’s land. Our allies in the medical sciences seem to have ^rceoim 
affairs that occupy their attention today. It is a territory in w ic i su 
may work but in which every gain must be bitterly fought for; it is renio 
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the glamour of scinlytic lights and the comforts of lucmtive trade. Yet in this 
area aud adjacent ones lie tlic concepts that arc essential if further advance in 
the surgery of the lung is to he realized. 
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INTRATHORACIC jMENINGOCELE 

Fraxcis X. Byrox, M.D, Los Angem:s, Calif., Colonel Emery E. AlunO, 
]\Iedical Corps (by invitation), Battle Creek, Mch., and 
Pall C. Samson, M.D., Oakland, Calif. 

\ LTHOUGH, with increasing experience in deaUng with mediastinal tumoi's, 

thoracic sui'geons are becoming more accurate in their pre-opera n e 
noses as to cell tjTie, there is stdl an element of surprise when the tamer « 
exposed at operation. Among those tumors which present a degree of umfoimi^ 
in the x-ray and clinical picture, and thus lend themselves to 
diagnosis, are the iutrathoraeic neurofibromas. , 

presents itself as a uniformly opaque, well-defined, rounded or o ® 
in the posterior mediastinum, a high percentage wdU prove to he 
When, added to this tiiJical x-ray finding, there is the presence of 
tion of adjacent posterior rib ends and the skin manifestations of neurq 
tosis of von Recklinghausen, one might feel justified in making the diagnosis on 
mediastinal neurofibroma. However, that even this typical picture may 
one into error is exemplified by the following case reports: 

Case 1.—<i. N., a 3G-year-old white housewife, mother of four, was ^^5 

Univer.^itv of Michigau Hospital on Feb. 23, 1947. She had been well ^ 

preidonsly w'hen she had been hospitalized, elsewhere, for pneumonia an p nTiei 

chest x-rar examination of Oct. 27, 1941, revealed a 10 cm. tumor mass in e 
posteriorly with a destructive process of the second and third vertebral bo i 
posterior aspect of the third rib. There was a sharp scoliosis to the ® • How- 

diagnosis of neurofibroma had been made, and she was advised to ha^e it remove 
ever, she did not seek further medical advice until one year prior to admission 
developed a persistent, nonproductive cough, mild, progressing to moderate, ysp 
pain over the apex of the right chest. 

The physical examination revealed generalized cafi-au-lait spots, most 
back, scoliosis of the upper dorsal spine with convexity to the right and n e 
diminished to absent breath sounds over the upper posterior right chest. 

The laboratory studies revealed no abnormalities of the urine or blood. 
ograms revealed a huge lobular density of smooth outline occupying the upper ® ^ 
of the right hemithorax and situated posteriorly. There was deformity of the 
with apparent absorption of its posterior end and there were destructive changes 
second and third dorsal vertebrae. 

A diagnosis of intrathoracic neurofibroma, possibly with- intraspinal extensio 
made and operation was performed on March 4, 1947, under intratracheal e er 
anesthesia. The chest was entered posterolaterally through the bed of^ the on 
A huge thin-walled cyst was found almost to fill the hemithorax. Aspiration, to 
mobilization, revealed clear watery fluid. It was felt that it might represen a 
inclusion cyst similar to the so-called pericardial celomic cysts. However, lur 
tion revealed the cyst wall to be continuous with the dura through a defect me 

From the 'U’adsworth General Hospital, Sawtelle and Wilshlre Perej’ 

the Surgical Sendees of the TJnlversIti^ of Michigan Hospital. Ann gan Fran- 

Jones General Hospital, Battle Creek, Alich.. and the Letterman General Hosp 
cisco, Calif. , fQj. xhoraclc 
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5 by 2 cm. In sir.o, Iho tlofccl nrifinj; nK the rc-Mult of onlur^iODUMit un«l oonlet<ci*nrc of the 
intervcrtebml fommlun of D, niul !)„ almorption of the ijcdiclc of D, nnd oro3«ioa of tlio 
poiterO'latcrnl nirpcrla of llio Ikm11c« of 1), und 1)^ Tiiroii;'li this defect could be scon tJio 
spinal cord and, higher in the spinal canal, at nlmut the level of the inforior nspert of n 
iraall intrnapinnl cv'st. The defect Ti'ns closed liy ntiUsing n portion of the c}st wnll or 



Ftg. 8. riff. 4. 

4 —Cheat roentffonoffram taken two niontha after operation^ 

^ •Jj^orotlrtn film of nplcal roffton to show the upward dlaplaccVnent of rfb 

profound of rib S, and the abaenco of rib 4 (excised at operation). The 

iructlve cliange* of the bodies of I>i and Dj are ahomi. 
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dura as a flap. This was then coverod by a free pleural graft and a layer of Gelfoam 
Because the upper lobe had been partially- collapsed for several years, it did not re expand 
readily- to fill completely the apex of the chest. An intercostal drainage tube wa.s therefore 
employed for forty-eight hours. 

Postoperatively, the patient experienced mild intermittent headache, relieved by 
aspirin from the fourth to the ninth days. Her temperature fluctuated from 98° to 102° P. 
for the first fifteen postoperative days. This was felt to be due to a slow seepage of spinal 
fluid into the chest. Following her discharge from the hospital, she continued to do well. 
At the time of her return visit on April 2, 1047, there were no complaints, her tempernture 
had been normal, and the chest roentgenogram revealed that the pleural fluid had been 
largely absorbed. 


Case 2. M. A. C., a 21-yenr-old white soldier had received a gunshot wound of the 
right arm in 3944, resulting in considerable disability of the arm. There was no injury of 
the chest or shoulder region. Upon being separated from the service Feb. 5, 1947, a routine 
chest roentgenogram was obtained which revealed a homogeneous round mass, about 2.5 cm. 
in diameter, in the apex of the right chest. He was admitted to the Percy- Jones General 
Hospital. For diagnostic purposes a right pneumothorax was induced, revealing the mass 
to be e.xtrapulinonary-. A diagnosis of neurofibroma was made and on Feb. 24, 1947, this 
mass was explored through a posterior incision, resecting portions of the second and third 
ribs. The mass was revealed as a cy-st, lying extmpleurally- with its pedicle in the first 
interspace. The fluid could bo easily- expressed but it readily refilled. Ten cubic centi¬ 
meters of clear fluid were aspirated. The cy-st wall was relatively thicb. Since it was 
considered to be a meningocele, w-as asymptomatic, and in a protected place, it was decided 
to mahe no effort to remove it. 

Postoperatively, the patient had rather severe headache for several days, relieved by- 
caffeine. After realizing that no demonstrable proof existed to prove this lesion a menin¬ 
gocele, a needle was inserted into the cyst, a small amount of spinal fluid withdrawn and 
'3 c.c. of Pantopaque injected. The isthmus was not seen fluoroscopically-, but the Panto- 
paque readily entered the spinal canal. Detail films of the upper dorsal region failed to 
reveal any- evidence of vertebral absorption or enlargement of intervertebral foramina. 


Case 3.—J. C., a Ol-year-old w-hite man, was admitted to the Letternmn General Hospital 
on June 30, 1947, complaining of severe pain in the cervical region. Intermittent soreness 
and stiffness of the mid-dorsal region, relieved somewlmt by physiotherapy, had been pre^nt 
for about live years. In May-, 1946, dull aching pain began to occur in the cervical region. 
This discomfort was aided by phy-siotherapy-, but one month prior to admission the pnm 
was aggravated by massage. The physical examination revealed many small, soft no 
over the face, arms, legs, and body-. Excision of one of these lesions revealed it to be a 
neurofibroma. There was caf6-au-lait pigmentation over the flanks and back. The nee 
was held in flexion with limitation of motion due to pain. A soft mass was present 
right cervical region and this had been present, unchanged, for several years. There wa 
kyphosis of the cervical and upper dorsal spine with scoliosis to the left. Genera i 
arteriosclerosis was present, and there was a soft apical systolic murmur. The la 
determinations were not abnormal. Boentgenograms revealed a rounded, 
area of increased density, measuring 7 cm. in diameter, situated posteriorly in ® , 

apex. This had remained unchanged for at least two years. No pulsation was 
fluoroscopic examination. The first, second, and third ribs were considerab y ero 
their posterior portions with destruction of the heads of the first and secon n • ^ . 

first rib was disarticulated and pushed well forward of the transverse process. . 
lateral aspect of the body of D, and the pedicles of D, and D, were ’diagnosis of 

vertebral foramina of D, and D, were enlarged and apparently coalesced. A d ^ 
disseminated neurofibromatosis was made and the mediastinal mass per- 

iutrathoracic neurofibroma. On Aug. 8, 1947, a \ .Jb. A 

formed, the pleural cavity being entered through the bed of the re present- 

adhesions between the mesial portion of the apex and the mediastinal mass we P 
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Klc. 5. 



«8. E (Case taken after [ndu^ 

collapaed June mar^n. jtadloloffy Mi 515-B-O. Ittt*.) 

I^n,.ll. BX A.; Lateral InlmU.omcle Pnnton.nne In the spinal 

® 1).—Poatopomtlvo fllm revealhn; tho prownco oi 

foiloKtaff lu injection Into Uto cyeL fAmmlna. No enlaTstment U 

■eveuSf' ’ J)—ri'"> *“ ™‘“”” 
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TBe latter obvloaaly crffllc. Tho hi^'lipal intorroatftl vein vrnp stretched over the cyst. 
Sabplenral dissection, bepun posteriorly, resulted in tnjubtesoroe venous bicedinp. Approxi¬ 
mately 500 c.c. of blood ucre lost from this source. The blo<nl pressun* foil to HO mm. Up, 
svstolic, but tho pulse mtc remnineil nt S8. Tho mass wns nspimted nnd colorless fluid 
obtained, I'urthcr dissection of tho cyst resulted in recurrence of bicodtnp nnd after 
about ten minutes tho pulse nnd bloml pressure could not be obtained. Illeodinp was con- 
lroIIe<l by packlnp. The heart was stiniulnted by ninsKnpe, Injection of Adrenalin, and 
the forced Imnsfuslon of l,.5nn o.c. of whole blood. There was return of cnrdlnc action, 
the Idood pressure mountinp to lOn nmi. Up systolic. Further attempts to enucleate the 
cyst revealed that, Hiiporiorly, portions of the bmehlnl plexus wore stretche<l over tho eyst. 
liflecn minutes Inter there was a suddon drop in blond jvressure nnd cardiac arrest. No 
response oecurre^l to injeetion of Adrenalin and nmssnpc thmnph the opened iverlenrdium. 



*UKj —This draM-Ins denionstmtca the relnllonship of the 

tlv: extent the lower trunk of the brochlnl ptoxus. The fltrurc 

or bone erosion and bone destruction. 


nienlnpocole to first 
to tho richt shows 


th oinmlnatlon revenlccl a tiwiue-tliin moningonl one projecting oitrapleumllj- 

““larged Inton-orfcliml foramen of.O,. The epinnl cord wn« vinlldo through 
whicli rvnf! intlmntoly adherent to tlio vertebral bodies and the 
•^t rib. The spinal cord In tills region was diffusely' thickened nnd wliltisb.* 

In 1933, PohP reported n case of neurofibronmtosis Mitii intrathoracic men- 
nieninpocele wok exciHcd, tlie patient dying of empyema. Schuller 
. ^^beriiU* i-eportcd Iho case of n f)6-year-oId man wlio, in 1920, Jiad a ding- 
neurofibromatoaifi with intratbomcic tumor. In 1935, the tumor at the 

s*^*^*^* of tho ncuropotholofflc flndlnsB. not Rermane to this presentation, arc 
Chief of ftTiKe.! by Dr. W.^H. Carol, NeurosureJeai Consultant, and ilajor H. Sprlnx, 

ooloffy Section, Lettominn Coneral Hospital. 
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level of D, to wns described as the size of an apple. Lumbar puncture 
revealed fluid under noi-mal pressure with a positive Pandy and sliglit xantho¬ 
chromia. Lipiodal was injected into the spinal canal and found to enter the 
tumor. There was evidence of spinal block at D„. A neurectomy was performed 
to relieve his pain, but he died following this procedure. Tlie autopsy showed 
a 10 cm. cyst, absorption of the dorsal surfaces of vei’tebral bodies D. to Du, and 
an inteiwertebral foramen large enough to admit two fingere. They had not felt 
justified in attacldng the cyst as Naffziger had warned of the danger of hydim 
thorax due to drainage of spinal fluid and they furtlier felt that closure of the 
defect might be difficult. They stress tlie value of myelography in .suspected 
cases. 


Ameuille, Wilmoth, and KudelskP induced a diagnostic pneumothorax in 
a 46-year-old woman with a lai'ge posteriorly located mediastinal tumor. As a 
further diagno.stie procedure, a thoracoscopy was performed and this revealed 
a large cyst which was translucent, reddish-white, and with numerous vascular 
arboiizations. A diagnosis of hydatid cyst was made and thoracotomy peiformed. 
The cyst was found to contain clear fluid. A defect was found in the lateral 
faces of Dg and D;, whicli seemed to lead into the spinal canal altliough the 
spinal cord was not seen. It was not pos.siblc to approximate the pleura over 
the defect. Postojjeratively, the patient developed fever, abdominal ascites, 
urinary retention, and fecal incontinence. The spinal fluid was found to contain 
staphylococci, and she died on the eighth postoperative day. At autopsy, the 
chest was found to contain 2,000 c.c. of diluted synip-colored fluid. The lesion 
was found to be a dural sac escaping through the defect in the bodies of D, 
and Dq. 

Campos^ repoided two cases of what probably represent intrathoraeic men¬ 
ingocele, although anatomical confirmation by operation or autopsy is lacking. 
One was a Brazilian boy, aged 7 years, with the presenting complaint of dorsal 
scoliosis. X-ray examination revealed a lai-ge pedunculated shadow, 5 cm. m 
diameter, with well-defined margins in the upper right chest. The fii’st si.v 
doreal vertebrae were bifid and there was sjmostosis of the fouith and fifth doma 
vertebrae. Injection of opaque medium was not employed. Tlie other case vas 
of a 54-year-old Japanese man unth symptoms of pencardial pain, dyspnea, an 
nonproductive cough. A diagnosis of neurofibromatosis was made and con raie 
by biopsy of a skin nodule. The chest roentgenogram showed a rounded, ve 
defined shadow in the right upper chest far posteriorly and an increase in size 
of the third, fourth, and fifth intervertebral foramina. Penetration vas 


described as occurring through the fifth foramen. 

The significance of the fact that neurofibromatosis was present in three o^ 
these five reported cases is not clear. Case 1 of this report had caf 
spots but no neurofibromas and Case 3 had both. Certainly, it is not o 
nostic aid in differentiating between intrathoraeic neurofibroma and intin 
meningocele, and, in fact, adds considerable confusion, since one nug it e. 
mediastinal neurofibroma as part of the generalized syndrome. Smi 
rib changes, intervertebral foraminal enlargement, and vertebral bocl> 
tiou may, and frequently do, occur as a result of neurofibroma. S oi o 
eoseopy or thoracotomy, therefore, the only procedure that offei’s a g 
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of differential dingiiosw is the intrnspiiml injeelion of nii oi)nfine me<liinn and 
positioning of the patient so ns to fill, it possible, the snspeeted meningocele. 

The demonstration of a spinal fluid block alwvc the level of the incningocclo 
in the case of Sehnllcr and Uiliernll wmdd .seem to indicate the ])rcsence of an 
intrnspiiml lesion, and it ivill ho rwnlled llml in Case 1 of this scries a small 
inlra-spiiml c.i'st was ohsened. The .simplest explanation of the production of 
the meningocele itself would seem to be that there is herniation of the dural 
envelope of a spinal nen’c through the intcrverlchnil foramen with jirossui'e 
necrosis of the vertebral liodies and enlni’genient of the foramen ns the men- 
ingoeelo enlarges. This, however, docs not explain the iircsenee of the intra- 
spinnl cyst. It .seems irossihlo that both the meningocele and intraspinal ey.sts 
eonld have arisen at points of eougenilnl wcnkni's.s of the dura as in the spinal 
extradural cysts deserihed by Clownid and Buey.“ 

Once the diagnosis of inlrnthoraeie incningoeeic is made, cither liy demon¬ 
strating a communication with the spinal canal or by exploration, the f|ues-tion 
of tho advisnhility of operation arises. The two jintionts reported upon hy Pohl, 
Ameuillc, and associates, both died of empyema and meningitis, williout. of 
course, the licnefit of chcmothcra))y. In Imlh ea.ses, difliciilty was encountered 
in closing the defect. In our Case I, a salisfaelory closure was also difficult hut 
fortnrmtcly seems to have been attaincrl. The dura at the neck of the sac was 
verj’ thin and of little tensile strength, jirobably due lo stretching by the weight 
of the c.vst. Patieuts in whom the incningoecle has attained such size, a.s in 
Cise 1 of this report, that res|)irntion is cither seriously interfered with, or 
potentially emharrassed, will rc<iuirc at lca.sl partial excision of the meningocele. 
It would seem advisable to save a generous portion of the neck of tho sac so that 
a plicated closure can ho obtained. It is possible that the use of hone grafts (o 
bridge the vertebral or foraminal defect ma,v be feasible. In patients with rcla- 
tncly small .snas, operation is piohnbly not justified unless serial chest roentgen¬ 
ograms reveal progressive enlargement to the point of progie.ssivo respiratory 
embarrassment. 


Three cn.se3 of proved intrathoracic incningoecle are presented, in one of 
w 1C 1 excision of the sae with good early recovcr,v was performed. 

'^^'0 literature is roriowed, five jircriously reported cases being discussed. 
0 two patients in this series on whom excision of the sac was iicrformed both 
rci^t of empyema and meningitis. 

fill diagnostic aid in differentiating between meningocele and ncuro- 

rom is tho intraspinal injection of opaque medium. 

e question of ndxTsahility of excision of tho sac is discussed. 
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DISCUSSION 

DK. HAEVEY J. AIENDELSOHN, Cleveland.—I wish to present an additional case 
of intrathoracic meningocele from Cleveland City Hospital. The patient had been picbed 
up in a routine chest survey by the City Tuberculosis Clinic as having an intrathoracic 
tumor. She had been asymptomatic until she knew she had this tumor, and she iras 
admitted to the hospital about five months later, at which time she said she had some 
dyspnea, but on observation in the ward appeared asjTnptomatic. 

(Slides) This shows the tumor in the posteroanterior film, and this shows the poste¬ 
rior position in the lateral film. This patient also had generalized cutaneous neurofibro¬ 
matosis. Our preoperative dingnosi.s was mediastinal neurofibroma. However, we snspected 
some intraspinal involvement. The spinal fluid studies were normal. The patient was 
explored in August and the defect in the spinal canal can be seen here. We closed it in 
the same way described In' Dr. Byron, 1)3' imbricating the sac. Wo sprinkled some talc 
in the area. She had an uneventful recover)' and was kept in bed for two weeks. 

The film one 3 'cnr later showed a normal chest, and the patient is asymptomatic 
except for a complaint of low back pain. 

DE. JEEOME E. HEAD, Chicago.—I would like to report an additional case. I 
believe that the rarity' of the condition warrants doing so. The patient was a man, age 
43 y'ears. He entered Hines Veterans Hospital for some other complaint. A routine i ra. 
film of the chest revealed a globular tumor in the left lower thorax behind the heart, 
tumor was directly' adjacent to the spine. A needle was inserted into the ® 

cry'stalline-clear fluid was obtained. Following the aspiration of about 10 c.c. o ui 
patient developed a ty'pical postlumbar-puncture headache. >Severnl ® 
was reinserted into the tumor mass and at the same time a needle was inserte^ in 
spinal canal. Withdrawing fluid from the tumor low'cred the pressure in the 
and withdrawing fluid from the spinal canal lowered the pressure in the tumor. 
mens of fluid removed through each needle were comparable in gross appearance, 
count, and in all chemical analy'ses. These tests seemed to warrant the diagnosis o 
thoracic meningocele. The patient was not operated upon. 

During the preceding discussion concerning the surgery of these cai'it.v- 

ouestion has been raised concerning the leakage of spinal fluid into t e P stellate 
The following case bears upon this possibility'. Some months ago I expose ^ 
ganglion for a vascular surgeon in a case of Raynaud’s disease. The then 

formed in the same manner as an extrapleural pneumothorax. The vascu ar 
avulsed the sympathetic roots, the rib bed W'as closed with a running jjj 

wound was closed without drainage. The patient developed a coHeiflmn o^^ jjgpjration 
extrapleural space. On aspiration this was found to be spinal fluid. o ow 
of the fluid, the patient developed headache and the fluid rapidly nothing- 

question arose as to what to do concerning this complication. We deci e gij,ce. 

The patient had no sy'mptoms referable to the condition and has remaine 

DE. FRANK S. DOLLEY, Los Angeles.— There are two very 
symptoms in these cases that Dr. By'ron has reported that should be emp a tumors. 

Several y'ears ago. Dr. Brewer and I had published a paper °° n-e stated 

In writing of the paravertebral tumors high in the cupola of the ^ primary 

that the so-called Pancoast tumor was, in a great majority the medb 

bronchiogenic carcinoma, hai'ing its origin close to the idscera p ganse thm 

astinum. We showed that there are a number of other condi vrould be operabh 

paravertebral or paramediastinal shadow, particularly fibromyxoma hoiverer, 

and early fibromy'xosarcoma that might also prove to be opera e. 
mention meningocele. This manifestly' should be included in this group. 

The second point for emphasis is a question of bone erosion. 
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I have been accustomed to believe that nnr pipn of bone crof'lon not duo (o nncuiysni 
or cold abscess could bo considered ns repreimiiting n nmllgnant process and vfas in¬ 
operable. 

It is most interesting to me to learn that two of these cnscH of Dr. Ityron's this 
mornlcp show ^^^dosp^cnd evidence of bone erosion. The only cxplnnation which occurs 
to mo is thnt the same sort of mochnnism Is taking place in these cnscs ns in aneurysm: 
that is, the meninges themselves do not readily stretch; nnd the increased pressure ngninst 
tho bono contiguous to the meninges in n situation that does not iverrait Inteml expansion 
rosalts in Imno erosion. Therefore wo certainly nrc nut justifiml, if nnenrA'sni or cold 
alfscess can be eliminnteil, in looking tt{K)n the condition where bono erosion exists ns 
surely mnllgnniit and inoperable. 


DU. CIAQLIA, TJtlcn, N. V.—had no intention of presenting this ca«e but the 
features were so similar to the ones presented thnt 1 thought a few words on It might be 
m order. This patient was n dbyenr-old while woiimn, who was mimling her o^vn business 
working in a mill, when someone did a sur\‘oy, nnd n tumor was rejiortpd. .She was com¬ 
pletely asymptomatic. She also had clloicnlty multiple npurollbromatosis, later provptl by 
biopsy. She had also bony changes with a slight angular scoliosis in the upper thoracic 
region. The x-ray examination showetl a mass clearly defined anil roundeil, about the sir.c 
of nn orange, in the left apical region, Klie was explnreil Imnsplciirally nnd much to my 
surprise the tumor was fluctuant. A needle wns pul in and a cr.vslnl-clpnr fluid was 
olitainod. Tjiter, on examination of this fluid, It wns lypicnl spinal fluid with sugar nnd 
chlorides and so forth. The i>edicle was ligated where It enme from the vertebra in tho 
r^on of the first and second. Hlndlar plastic repair was ilotic ns has been described and 
t e postoperative course was completely uneventful except for n Horner’s hvndronio of 
moderate degree. 

Tho woman Is back at work nnd I can see no sign of recurrence so fnr. 


, ' neems to Ite one of those oiitities thnt nppenr occasionally; one 

ever cara a mot them and then ono Icnrns of a tiumlicr of cases nil together. For instance, 
—oniic c>8t8 wore unheard of until Dr. T>nnibort reported a case in 1040. 2s'ow 
now ey are very common, nnd most of us hare scon cases. Intmthorncic meningoeele.s 
frpJn increasing frequency, 1 think there is some importance in making 

ths fi niRnosis, liecause I do not bellcvo operation is indiented in all cases. In 

w t a largo Iwny defect, It Is questionable in many raws whetlier the defect 
herritnfil “ti" actorily closed, and second, since I believe that tho meningocele is a 
htmlation of the dem, I ece no rooeon why hornlotion caonot rceur. 



THE USE OP TUBED PEDICLE GRAFTS IN CARCINOMA OP THE 

UPPER ESOPHAGUS 

Eugene M. Bricker, M.D. (by invitation), Thomas H. Burford, M.D., and 
Ben Eiseman, M.D. (by inattation) 

St. Louis, Mo. 

C ancer of the esophagus has long tested the resourcefulness of surgeons and 
despite a prodigious amount of work and no little ingenuitj", the i-esnlts 
until very recently have been far from noteworthy. However, the past decade 
has witnessed veiy significant successes in the conquest of this formidahle dis¬ 
ease. 

North Ameincan surgeons and members of this association in particular have, 
contributed pre-eminentl}^ to this progress. Adams and Phcmister’s' successful 
one-stage resection vdth esophagogastric ana.stomosis, the first on this continent, 
stiinidated great interest. The subsequent significant contributions in this fidd 
by Eggers,- Churchill,® Garlock,'’ Oehsner and DeBakey,® Rienhoff,® and in par¬ 
ticular Sweet,'’ ® are too well knowui to this group to warrant I’cview. Suffice it 
to say that few of experience would question tlie desirability of gastric substitu¬ 
tion when esophageal sacrifice is necessary. The stomach has been carried 
higher and higher into the chest so that Sweet" has been able to report recently 
the very creditable achievement of anastomosing the stomach to the esophagus 
high in the neck. 

Despite the eminently satisfactory results with the esophagogastric proce- 
diu'e in lesions from just above the aorta downward, there is a sizable group o 
the higher lesions for which in our opinion one-stage I’esection \vith esophago¬ 
gastric anastomosis can never be the procedure of choice. Certain features o 
carcinoma of the ceiwical and upper thoracic esophagus appear to us of suci 
impoitanee as to justify the consideration of this lesion separately from car 
cinoma of the middle and lower third. 

Rational cancer sui’gery unequivocaUy requires the removal of the 
gland-bearing area of the involved structure and the radical extirpation o c 
lesion. The requirements of a satisfactory cancer resection are well fulfiUe 
carcinoma at and below the level of the aortic arch by the procedure of 
and esophagogastrostomy in one stage. Lesions above this inevitahl}’ eco 
cenueothoracic problems since from this area the lyunph drainage is cue 
the superior and inferior deep ceirical lymph nodes (Fig. !)• ^^mtra- 

shown by the studies of hlcGibbon,^" Sakata,’^ and others. Submucosa 
tion, both upward and domiward for gi’eat distances, occui’s often in 
cancers so that one might question the validitj' of ever limiting t le 
to the neck. It would appear iUogical to limit the resection of 
and its regional lymphatics simply because a means of reestai s m 

From the Department of Surgerj-, Washington University Sciiool of Thorad'^ 

Bead at the Twenty-eighth Annual Meeting of The American Asso 
Surgerj'i Quebec, Canada, May 31. June 1, 2, 1948. 
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pliysiolo^'ic fimclion is cnsily nt linnd. As Rreiit n lioon ns llio onc-slnge rosection 
witli csophngognstrostomy lins lieoii, wc tloulit tlmf its cfTocl ivenoss cnii be es- 
tcndcil consistently to lesions well nliove tlic nreli or into the neck. 

A further jioint of importnnce in our seetor is tbnt nnfoi-tnnntely n sig¬ 
nificant mimlicr of people ])resont themselves with an all too freguently ill-done 



1. The I>TTiph aralnQCo of Uio upper thlnl of tbo esopbariui (a predominantly to the Ijmph 
node* In the lower corvlonl and aupraclavicular reilon. 

enstrostomy. The difficulty or impossibility of elevating such stomachs to the 
Deck or even to the cupola of the thorax is obvious. 

It would seem then that a combined ccrvicothomcic I'cscction ivith radical 
Descction of the regional cervical lymph nodes bilaterally en bloc woidd more 
nearly fulfill tlie requirements of a satisfactory cancer resection in carcinoma of 
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the upper esophagus. Such a procedure, of course, implies staging, and in this 
time of enthusiasm for one-stage operations, one can anticipate the criticism 
leveled at staged procedures. However, this factor can be considered of no more 
than secondary importance since as Lilientha?- so well stated years ago, "The 
number of operations necessary to accomplish the desired result is of far less 
importance than its final success.” 



Fig. 2.—Case A. M.. showing esophageal defect. Tlie defect and distortion Fere due 
the combined effects of a huge goiter and an annular carcinoma of the esophagus at the le 
of the first thoracic vertebra. 


Struck liy the success of Wookey’^ of Canada in the management of car¬ 
cinoma of the esophagus confined to the upper cervical segment, we decided ni 
1946 to attempt the incoi’poration of the principles outlined here into a plan of 
management for high esophageal lesions. -The problem was first approached m 
the laboratory in the summer of 1946. The first attempts were made toward 
resection of the esophagus of the dog and immediate replacement vdth fuH- 
thickness free skin gi-afts. Although free graft was accomplished, the p™- 
cedure was considered to be of no practical value because of the subsequent 
contracture of the graft and production of an esophageal olrstruction. Attention 
was then turned toward working out a technique of pedicle gi’aft replacement 
of the upper portion of the esophagus using a tubed pedicle graft based on the 
neck and passed through the superior thoracic aperture into the chest for 
direct anastomosis to the esophagus. Technical difficulties were encountered m 
the dog which led to the impossibility of always obtaining primary healing an 
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prcvciitwl currying llic procediiiv to coinpU'tion in n single dog. Ifowevor, it 
was Icnruod tlint long ])odiclc grafts could I>c easily prepared and tmiisplantcd 
into the chest and that they could lie nnn.stoniosed to the e.sophagns without 
stricture formation. The tcchnit|ne was developed to such an c.vtent that it was 
felt justiflahle to apply it to a suitahic human case. .Such a patient was found 
and is the subject of the following case report. 



, lOy. 3.—The dla^rrenui Illiuitrate the corvScnl portion of the amt ntiore. This In n combined 
wn-tcothoraclc procotiuro, the IhomcJc oiiKiaure bolriK thPouRli Uio r1»fht thlnl intorccwtnl bpac© 
vUie ran>o a* lllujitnilod In Klg. 6). 

Tho con-lcaj Incifilorm (I) oro niarfo In atich n way ns to turn n triangular flap. TJio e«op?i- 
■ iifTipatntetl higli above tho Icston at tlio Inferior borOer of the cricopharj-jiptiuii (2) and 

to® riiMctJon the trioncnlar nap In mitureil to the cut end of the eBophattun (J) In tuch a 
manner aa to complete the upper end of tho ciH»phn(fenl reconstruction. 


CASK KEPOnT 

A, M., a 02-jonr*olil tvliito ^roniun, was n<lmittc<] to the Bnrnefl iro.'pitnl on Sept. 2, 
1D47, with tlio complaint of dlfilcultj' in Bwollowing for tire procedinp tliroo months. She had 
0- sensation as if foo<l stopper! In tho thront at tho level of the stemnl notch. TJiis dlfflcult/ 
proRTessiTO until nt tho time of admission she could swallow only liquids and various 
*oft foods. The patient had had enlargement of tho thyroid gland since 12 years of ogc. 
Tea years before admlsBlon she went tliroogh a poriw! of norvousness, which was attributed 
io thyrotoxicosis, and which reapondcxl to iodine therapy. Sim felt tlutt tho thyroid gland 
larger at tho time of this admission than it had ever boon before. Tljcro had Itocn o 
loss of five pounds in tho preceding three montiis. 
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The physical examination was not remarkable, except for the presence of the enlarged 
thyroid, which was about tliree times its normal size. 

X-ray examination of the esophagus revealed displacement of the esophagus to the left 
and irregular filling, which was considered probably due to pressure from the enlarged 
thj-roid gland. Tliis filling defect started at about the level of the first thoracic vertebra 
(Fig. 2). 

On September 6 an esophagoscopy was performed, at which time a lesion uns encountered 
18 cm. below tlie upper alveolar border. This was an annular mass, biopsy of which revealed 
squamous cell carcinoma, grade III. 



Fig. 4.—After the pedicle graft of the anterior chest wall has been PrsPared 
delaying procedures which Insure Its blood supply, the graft is converted into a mo v , 
passed Into the chest medial to tlie left carotid sheath and posterior to tt'®, me graft 

This procedure again requires a combined cervlcothoraclc exposure for anastomosis o , j-ey. 
to the esophageal stump. The donor area from wlilch the pedicle graft was remo\ 
ered with a split-skin graft (3). 

The patient was carefully evaluated and considered to be a good operative risk. 
was no evidence of regional metastasis in the neck. It was decided that a resection 
upper tliird of the esophagus by a combined cervicothoracic procedure be done, to 
followed by reconstruction of the esophagus at a later date. On Sept. 26, 1941, n 
cervicothoracic resection was performed. The right side of tlie chest was entered 
the tliird intercostal space anteriorly. The lesion was identified with ease sligldb 
the level of the aortic arch. The esophagus was separated from the vagus nerve an ^ 
the trachea, the dissection being carried liigli into the neck. The tumor was readilj pa pa 
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ond dlN»ecto(l free from surrounding strupturos. The csoflingus wofl sertlonod just below tlio 
level of the aortic arch, and Iho lower end was cloeod with inverting suturcfl, then anchored 
to the provortebml faiiria In ortlcr to prevent its retraction downward. TIio upper end of 
the esophagus was closed with a lignture, following which the rhest inrlslon was approxi¬ 
mated end a dressing npplie^l while the attention was tumetl to the condcal portion of the 
opomtion. Incisions ^^e^o then nuule in the neek In such a manner ns complotcly to expose 
tho neck anteriorly. A triangular flap was outlined by tho Incisions as Illustrated (Fig. 3). 
8lnce the large goiter jirovcnted aroess to the esophagus, a subtotal thyroldoctamy was done, 
care being taken to protect tho recurrent laryngeal nerves, Tlio loft stornocloidomnstoid 
muscle was resected, and the cunteats of the left carotid sheatli wore rotraefed laterally. 
Tho esophagus was exposivl and dlssecteil fnv of Its posterior nttncliments and of the trachea 
anteriorly. It ^vn8 then delivortsl through the neck after l>cing complotcly mobilised. Tlio 
dissection of tho esophagus \vns carrii^il up to the inferior lionler of the cricopharyngeus 
muscle at which level It was sectinneil. The iHniiguhir skin flap was then suturoil to the 
remaining end of the esophagus, and the wuunil was closmi ns illustrated (Fig. 3). Tlie 
thomric wound ^ras then closi*iI after a enlliet«>r had ls>en Introiluced into the right pleural 
space for water-seal drainage. 



, Tu** rlBht flntoHor tliomcic onproach Is atratn useO. It Is of tho croatest Inipor- 

Mnw that tho snastoniosls be done niottculously oml that perfect prlniarj’ hcallnir ensuo If a 
*trlotare Is to be prevented. 

The postoperative courao was uneventful. On Oct. 1, 1047, a Stamm type gastrostomy 
done for feeding. 

On October 1C the first stage operation for preparing a tubed pedicle graft from the 
anterior chest wall was perforraetl. Six weeks later tho pedicle graft was ready for trans- 
pUntatlon Into the clicat, four minor preparatory procedures liaving been accomplished in 
the meantime. 

On December 9 the pedicle graft from the anterior chest wall was converted into a 
^ube and inserted Into the chest through the Buporlor thoracic aperture and anastomosed 
0 the distal end of the esophagus. This again wns a combined eenicothoraclc procedure, 
^ « thoracic approach to tho esopliagus l»eing through tho right third Intercostal space (Figs, 
and 5). Tlie defect on tho anterior chest wall wns covered with a split-flkin graft. 
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During the operation biopsies rrere taken from the neck, from the posterior mediaRtinum, 
and from the distal esophageal stump. All of these biopsies subsequently showed what 
appeared to be a wildly growing anaplastic type of carcinoma. 

In view of the positive biopsies, it was decided to give the patient radiation therapy 
before attempting to complete the esophageal reconstruction. This was done through four 
posterior thoracic portals, cross-firing the mediastinum; and through two cervical portals, 
which spared the area which it was hoped might later be used for esophageal reconstruction. 
The x-ray therapy was started on December 22 and discontinued on Jan. 17, IP-iS. During 
this period the patient was fed by a tube through the new esophagostomy opening in the 
neck, and the gastrostomy was allowed to close. 



Fig. G.—The final stage In the reconstruction consists of completing the tube 
In Uie neck. The upper end of the anastomosis done at the first stage (Fig. 3) Is nor uiai 
The tube Is completed (I and 2), follou'lng wliIcU the large superficial defect Is closed 
the skin from both sides and using relaxing Incisions as Indicated (S). 


Following subsidence of the mdintion reaction, the patient’s condition 
markedly, and on March 13, 19-lS, the cervical portion of the reconstruction was complet 
(Fig. C). At the time of this operation some small nodules were encountered deep iu tho 
neck which subsequently proved to be carcinoma. The operation U’as completed in spifo 


this finding. 

The postoperative course was uneventful. The patient was fed through an 
tube which had been passed through the nose and into the stomach at the last stage o 
reconstruction. This tube was removed on the third postoperative day. Three days la^ 
patient was started on water and liquids by mouth. She could swallow with ease. 
ninth postoperative day she was placed on a soft diet of purged vegetables, 
etc., which she took witliout difllculty. This was rapidly advanced to a regular diet. 7 
end of two weeks the patient was taking the same diet ns other unrestricted patients on 
ward. In view of the positive biopsies at the time of the last operation, it was decid ag" 
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Elff* 7.—Tli^ ct'n'lcal tub^ bi coinploteA and tlio di-foct rioawl. Tlir ralojcinc Inclalon liaa been 

with a npllt-nkln proft. 



pn»wanow x-mr picture taken on the ninth poatoperatlve ilaj-. Tlic bnrium 
lyg^,P*^PU7 Into the dUtal caophapu" throuch wide open stonwu at botli endj of the Inert 
PreMnt force wo* good and peiiatalsls of the dlutal eaophotfeal •etmient woe 

onn »eemed to have an appreciable effect In emptying tJie replaced eegmenU 
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to administer x-ray therapy. A'complete course of radiation was given to the neck through 
four portals, anterior and posterior and right and left lateral. The patient experienced a 
severe radiation reaction, and for a while it became difficult for her to swallow. tVith 
regression of the reaction, swallowing became better, and at the time of discharge from the 
hospital on April 30 the patient was again on a normal diet. 

Comment .—It is obvious that this patient cannot be expected to be a long 
sundval. The reconstructive procedure was carried to completion in spite of the 
demonstration of persistent carcinoma. However, at the present time the patient 
is well and vdthout clinical evidence of recurrence. The operation was com¬ 
plicated by the presence of a large goiter in the neck; consequently, a bilateral 
neck dissection was not done. We feel that the neck dissection should he an 
integral part of the procedure, and the technique of this procedure will he 
the subject of a future presentation. 



Fig. 9.—Photograph of patient nine months after completion of operation, showing normal 

appearance of neck and chest wall. 

A point of particular interest to us has been the retention of active pen 
stalsis in the distal segment. When a thick barium meal is given, the baiiuni 
column goes rapidly and readily down to the lower anastomosis site where im¬ 
mediate active peristalsis begins ivith the result tliat almost instantaneously the 
reconstructed portion of the food passage is sucked empty. This, we believe, has 
very important implications. 


DISCUSSION 

Wliile such a small experience is never too imposing, we feel justified m 
reporting it since certain important principles are involved. First, it appeal's 
that the rational approach to cancer of the upper third of the esophagus le 
quirts resection of the Ijrniph nodes most likely to be involved. Second, a coni 
bined cemdcothoracie resection and bilateral neck dissection is a feasible pro 
eedure, and, in our opinion, a less extensive assault falls short of the mo 
standards for cancer surgeiy. Moreover, this experience demonstmtes 
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passibilily, for tho first linio to our knowlctlKC, of iltilii'.iiip: tubed pedicle Rrafts 
within the mediastinum. Of tlie Rrontost intci-cst jicrlmps is the hiphly sntis- 
factorj’ functional remdt obtained. 

AVo feel that with future ease.s the time can I)C prontly shortened so that 
the entire pi-ocedurc can lie completed within eipht to ten weeks. 

Tho applicability of this procedure to hiph localized strictures of uon- 
ncoplastie oripin which me not suilahle for aso])hapopaatrostomy is, of course, 
obvious. In such cases the entire imocedure can he comideted much more (piickly. 

We wish to stress that in no sense are we unmindful of the mapuificent 
advances slemmiup from the iirineiples of one-stapo resection with esophapo- 
pastrostomy. Our hope is that the procedure described here will prove to ho a 
useful addition to the annamentarium of the siiipcon in his strupple with eanecr 
of the upper esophapus. 

flmteful tirknowloflpiuoiit is made of llie viilunMo ntUifo nnd eritirism wo iwcivctl 
from tlio meniborH of tho Plnstlo Rurgory Si^rriro of Unmos UospHal. 

HKI'ERh:NCES 

3. Adams, ^V. and Phoniistor, 3). Ih; rnreinomn of Ixiwcr Tliomoic Esoplinffiis: Report 
of Qucrossful RojKvtlon and EsophaKounstrostomy. J. TjJOR-\nc Sunn. 7: 021, IPnS. 

2. Epi^orB, Carl: Troatmont of C'nivlnoma of the Esophniirus, Burp., Onipc. k 01>st. 03; 

54. in.io. 

3. Churrlilll, E, ])., and Sw»x‘t, R. If.: Tmn^tliomclc Resi'tHon of Tnmors of tlio Stomach 

and Eflophafrus, Ann, 8urp. 115: SOT, 1042. 

4. Oarlock, J, H.: Surcical Treatment of Carrinonm of the Esopliaj^us, Airli. Surff. 41: 

11^, 1040. 

5. Oehsnor, A., nnd ‘DeBakoy, M.: Sargiral Aopoctii of Cnrfinoron of the Eaophnpis, J. 

TjionAcic SuuoniT 10: 401, 1041, 

0. Rionhoff, W. F.; Intrathnmric* Esophnpcojrjunostomy for Lesiems of tlio Upper TJiird 
of the EMphapus, South U. J. 39: 02fi. 1010. 

7. Sweet, R. IT.: Carcinoma of the Mldthomcic EsoplmpuB; Its Trentmeut hy Radical 

Resection nnd nicli IntratUoraclc EaophacocnMtric Annitomoeig, Ann. Sure. 124: 
053, 3040. 

8. Bwoct, R. If.: CnTclnoniii of the Esophapus and tho Cardiac End of the Stomach; Ini- 

mediate nnd T>ato Results of Treatment by Rcj>ertion and Primary EsophapopMtric 
AnastoinoMla, J. A. Jf. A. 136: 485, 1047. 

0. Sweet, R. IT.: A New Mctho<l of Restorinp Contlnoitv of tho Alimentary Gannl in Cnsos 
of Conpenifnl Atresia of tho Eimphiipus WitV Tracheo-Esophnpoal Fistula not 
Treated hy Primary Anastomosis, Ann. Burp. 127: 757, 1048. 

10. McQiblKin, J. io. G.; 'i’ho Clinical ilanifestntions of tho Spread of Carcinoma of tho 

Esoplmpus Obocrvetl Durinp Life, Brit. J. Surp. 24: 80. 1030. 

11. Sakata, K.i Uolx^r dio I^yniplipenisMi dcs Ocsopliapus unu fiber Seine Regioniiren 

Lymphdrosen mlt BcriicksicUtipunp der Verbreitunp dcs Carcinomoa, Mitt, a, d. 
Qronipcb. d. Med. u. Chir. 11: 0.34, 100.3. 

12- Lillonthal, 11.; Thoracic Surporv, Vol. I, Phllndclphla, 1025, V>\ B. Saunders Company, 
p. 328. 

13. IVookcy, II.; Tho Surpleal Treatment of Carcinoma of tho Pharjiuc and Upper Esoph¬ 
apus, Surg., Qynec. So Obat. 76: 400, 1042. 

DISCUSSION 

BB. FRANCIS O’DONNELL, Ann Arbor.—Wo have had an opportunity at tho 
University of Michigan, to see a oiso of tho typo mentioned by Dr. Burford. We, however, 
treated It differontly. Wo performed a total eoopUngoctomy, nnastomofllng tho stomach to the 
pharynx. (Blldoa.) The patient was admitted in February, 1948, with a six-month history 
of progressive dysphasia. Ho had been reduced to a liquid diet for throe months. Ho Avas 
In exceUeut goneral health. X •my examination showed a rtricturo 4 cm. above the supra- 
sternal notch, EsopUagoscopy revealed the tumor to lie 3 cm. lielow tho upper end of the 
^phagufl. Blopay showed a scirrhus carcinoma; there was no evidence of metostaeofl. 
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The patient refused a flap operation and left the hospital, but returned in two months, 
having lost tliirty pounds and having been completely obstructed for five days. Boentgeno- 
gram showed complete obstruction. The stomach was mobilized and brought to the apex of 
the chest. Of interest is the fact that the stomach was brought behind or to the right side 
of the arotic arch, since it is found that the esophagus takes the shortest and most direct 
route. A cendcnl incision was then made and the thoracic esophagus was brought out 
through the incision. 

The incision on the tenth postoperative day consisted of a transverse incision and 
extension up the left sternomastoid. The cerxlcal esophagus and the inferior 3 cm. of the 
pharj’nx were then freed and, drawing the stomach up into the neck, an anastomosis was 
made and the esophagus was removed. 

(Slide.) This is the resected specimen showing the upper end—tlie free piece of 
tissue is the abdominal portion of the esophagus wliich was removed so that closure of the 
stomach could be through the gastric wall rather than the esophageal wall. Wlien the 
anastomosis was performed at the neck there was free bleeding from the stomach, as a 
quarter size piece of gastric waU was excised preparatorj’ to the anastomosis. Mucli to the 
relief of the surgeon, five ligatures had to be placed in the submucosal bleeding vessels of 
the gastric wall. The clrest and neck were both drauied. PenicUlin was given for twenty 
days postoperatively and streptomycin for five days. The postoperative course was relatively 
benign except for a diarrhea on the seventh postoperative day, which might .have been fore¬ 
seen because of the extensive vagus resection. The diarrhea censed on the thirteenth day. 

(Slide.) This shows the thoracic and cervical stomach as seen on the twelfth day. 
There are two points of interest. On the right side can be seen the pylorus lying about 
4 cm. below the diaphragm. The duodenal loop is somewhat straightened because of mobiliza¬ 
tion of the duodenum and moving it toward the left. At the left can be seen the stomach 
extending high into the neck, the barium just opposite the hyoid bone. ^Ve were unable to 
time our x-rays to catch the barium as it went through the pharynx and stomach. We had 
one severe problem postoperatively'. There was no inferior constrictor muscle because it was 
excised. This led to small ulcerations about the mouth. They were treated by giving small 
amounts of alkali and the head of the bed was elevated to prevent regurgitation. He has 
gained twelve pounds since operation. Dr. Alexander sent me a wire last night saying the 
patient’s temperature is normal and he is eating very- well. 

DB. EICHAED H. SWEET, Boston.—I was intensely interested in tliis presentation 
and congratulate Dr. Bricker and his associates on the successful accomplishment of some 
thing I have had in mind for a long time. I think one of the most significant things is that 
they lay emphasis in the correct place; we are dealing with a malignant tumor which has 
probably already metastasized to the regional lymph nodes when the patient comes in for 
treatment. In other words, any attempt at cure without taking out the regional lymph nodes 
win be doomed to failure. I have had a great deal of early- enthusiasm for Dr. Wookey s 
procedure, but although I have had great success with function after the procedure the 
ultimate result has been disappointing. AH patients have died of recurrent or metastatic 
disease. 

(Slides.) If we can relieve the patient so that he can swallow for the rest of his life 
that is probably aU we wiU accomplish. In this case we were fortunate in catching some o 
the barium going through the anastomosis. 

I think we should try the teclmique described here, but I am sure in my hands fl 
would be doomed to failure, as was the Wookey procedure, unless we can take out the regi 
ly-mph nodes. 

DE. JOHN E. PAINE, Buffalo.—I should like to tell of one patient operated upon 
with minor variations of Dr. Wookey’s technique. This was a 53-year-old woman who 
been obstructed for three months. 
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(Slides.) This is Iho x-my fllm taken in 1W7 sliowliip the obstruction in the lowor 
portion of tho i^nlcal esophagus. Wo usctl the Wookoy tcclmiquc, mnklng ft flap on tlio 
front of (ho neck. It ■was excised down to tlio upper border of tho tldrd dorsal vertebra. 
The larynx was involve<l in this ease, Tlireo biopsies had been reported as negative. At tho 
time of operation tho iialhologist mis willing to say it ft ncoplawni, but did not say 
wlint tho rhametor ^vas. 

This picture was made thrci' niontlis Inter. It is Imnl to indicate exactly where tlio 
anastomosis is. Tho segment extends from tho top of the tliird dorsal vertebra up to the 
pharynx. Tills is tho Into view after roconstniction of a skin tube. The Imrlum will be seen 
in tho sinus forn>e<l after tho second npomtioii. Four attempts were inndo at closure without 
success, and when the patient enmo Iwick in one week they liad closed of thoir own accord. 
After study of thu section, several pathologists have told me it is some variety of sarcoma or 
endothelioma, but they arc not definito as to type. Several Ivnupli nodes wore reported as 
negative after removal, and I hope this imtlent lias somo chance of cure. 

This picture shows a trough througit which she swallowed saliva. The second operation 
bridged this trough over. 


DU. RKTCKKIb—I would like to thank tho dlscussors, and particularly Dr. Sweot, for 
his encouragement. We arc, of course, utmblu to argue strongly for this procedure on tho 
basis of only ouo case. However, tho onthosiasni which wo admit is based on certain points 
which wo think nro soundj 

First, regarding tho cancer resoctloUt we feel that a bilatoml neck dissection and on 
bloc resection of tho esophagus is the only procedure tiint can logically be expected to offer 
a reasonable chance of cure. Of course, if ouo derides that tlio disease is octually incurable, 
a view not too unjustified, li)* surviMvl figures so far, and that any surgery is simply poUiatlvo, 
aimed at allowing the patient to s^caJlow comfortably for a.s long os possible, then the nock 
dissection can 1>e dls<arde<l os a useless procedure, noworer, wo disagree with this philosophy 
and feel that we should continue to aim at curability, and that time will prove tliat car¬ 
cinoma of the upper third of tho esophagus will not be controllod wltlioot regional lymph 
node removal. 


Tho tecliniquo of bilateral neck dissection cn bloc with tho esophagus is a perfectly 
feasible procedure anatomically, whlcli wo hope to report In detail in tlie future. 

Poetericoid and liighor lesions con l>o Imndlod in a similar manner, tho technical pro- 
codar© being somewhat simplified by tho sacriDco of tJio entire ribbon mnaclo compartment 
and larynx, with preservation of parathyroid function being the only problem. It is our 
opblon, admittedly not entirely cryitalliKHl at this point, that oven the postcorncoid lesion 
should 1)0 handled as a combined corvicotJiorftcie problem. This opinion is based on tho 
necessity for wido resection of tho esophagus itself, occasioned by the extensive submucosal 
l.nnphBtic spread which wo imvo witncswvl and which has beeu noted by others. 


Second, regarding rosrtoration of the osopluigus, our enthusiasm, which remains still to 
be juKtified, stems from tho following points, most of wlilcli have already been covered. 

1. Tlio method provides a monos of bridging a gap by choosing the shortest distance 
hotweon two points. 

2. The method provides the only means, to our knowledge, of preserving the propulsive 
orte of the swallowing mechanism, plus tlie peristaltic force of the distal esophagus, plug 

ft physiologic esophagogastric opening. 


3. The method provides for Intrathomdc reconstruction with tissue which has been 
^pared and for which the blood supply has been assured, rather than u'ith tissue, such as 
^jMum or stomach, wMch must be carried In a one-stago procedure to the poorly defined 
t of its blood supply and viability, and buried from sight. 

^ The method does not require the disturbance or displacement of abdominal viscom 
®^ny way, except for the performance of a gastrostomy. f. 



TRANSTHORACIC SIMALL BOWEL SUBSTITUTION IN HIGH 
STRICTURE OP THE ESOPHAGUS 


Albert Wilson Harrison, M.D. 

GAL^^TON, Texas 

T he construction of an ailifieial esophagus has challenged the ingemxity of 
surgeons throughout the world. That this challenge 3'et remains is testified 
by the multiplicity of approaches and methods used and by the perennial ap¬ 
pearance of new techniques. A comprehensive summarj’ of these techniques vas 
published in 1944 by Yudin^ of hloscow and his results in an extensive experi¬ 
ence with 80 cases reflected the gratifying progress that had been made. Since 
then Longmire and Ravitch’^ have demonstrated the use of transplanted small 
bowel within a skin tube and even the preservation of its blood supply by 
anastomosis to the iutemal mammary artery. Rienhoff- has used small bowel 
transthoracically by reversing a length of jejnmmi hack into the chest and 
anastomosing it antiperistaltically Artth the esophagus. 

It is in the hope of contributing a hit further to the solution of this prob¬ 
lem that the following cases are reported. 


CASE REPORTS 

Case 1.—P. H. tV. (Fig. 1), a S-year-old colored boy, bad bad a Janeway gastrostomy 
almost two years previously for lye stricture of tbe esophagus. Investigation revealed the 
stricture to be practically complete at tbe level of tbe ericoid cartilage (Fig. 3) and a 
attempts at dilatation failed. It was obvious that if be were to eat again, some form of 
substitution would be necessary. To this end three stages of operation were planned. In 
tbe first, through an abdominal incision, a segment of jejunum was prepared with one 
arcade of blood supply and isolated. Jejunal continuity' was re-established by end-to-en 
anastomosis. The isolated segment was brought up through tbe transverse mesocolon, hs 
distal end being anastomosed to the fundus of tbe stomach and its proximal end elos 
Two weeks later the left side of the chest and diaphragm were opened. The esophagus was 
dissected from the mediastinum and transected at tbe cardia. It was then brouglit on 
through an incision in tbe neck along with tbe proximal end of the jejunal loop. E.vcess 
esophagus was left for a few day's to conduct saliva away from tbe neck wound. 

After this stage an unplanned gastroenterostomy became necessary to rebeve an 
obstruction at the pylorus. Apparently this was due to the combined effects of vago o^^y 
and bow-stringing of the artery to the displaced' segment across the lower stomacli. At 
third stage, two weeks following the second, tbe stricture was excised and the pharynx 
opened to a diameter of 1.5 cm. by a posterior median slit. The jejunal segment was open 
and a two layer end-to-end anastomosis was made to the pharynx. 

A good result was obtained at first. The chest was clear (Fig. 5) and a 
swallow (Fig. 7) passed rapidly into the more tortuous bowel witlun the chest. Bapi 
vigorous peristalsis delivered it into the stomach in less than one minute. Within “ ^ ^ 
weeks, however, swallowing became more difficult and an attempt at dilatation resn e 
pneumothorax. Four months after tbe third stage tbe pbaryngojejunal anastomosis 
excised and reconstructed with a much larger aperture. This time the child was disc lar 
home, eating normally. He still swallows weU four months later. 

From the Department of Surgerj-, University of Texas, Medical Branch. Thoracic 

Read at the Twenty-eighth Annual Meeting of The .American Association or 
Surgery, Quebec, Canada, May 31, June 1, 2, 1948. 


316 



HARRIRON': TBANfiTIIORACIi; RilAU^ DOWEty KCm^^TITUTIO^^ 


317 


CUBE 2.—C. B. (Fijr. 2), nlao n .Tyrar-olil rolorod Iwy, Imd Imd a Jnnnray puitrontomy 
after drinkinp lye at about tlic a^o of 10 months. Bnrhmi study shoaroil a eomjdoto Blrlcturo 
of tlie csopliflpus jast aI>o\*o tlio runnuhrjum (FJg. 4). Opomtinn was done In tlirce stages 
w la tlwj tint caw, but uith certain notable dllToronccs. In tbe Ornt stage tlu* isolate*! loop 
mu broapbf up beJjind llie storoncJi anil out through the giistroJjepatic onientuni, and in the 
second stage the vagus nen’os vrore carefully pn-scrA'etl. The esophagus itself was unusual 



Pic. 1. FJir. 2. 

op*roU^ 1 (Ca*e i).—Pliotocruph sliowinc costrostomy and senra of tlai various stagos of 
^5. i (Cam S ).—Photoffraph sfjos’/nff Jatcml vieir. 


a that it liad Womo oblitomted and rcduceil to ft flbrouR cord in the thoracic inlet. Finally 
‘ oring the diaaoction It polled out eutiroly. An artiflclal opening vros made up tliroogh the 
c®n'ical mediastinum and tlie end of the loop was Implanted alongvide the upper esophageal 
• ^ stage the uj>por OHoplmgeal pouch was found to l>e quite Urge and 

^ with wads of chewing gum, food, and other matter. To obtain a sufficiently wide 
onattomoshi hero was no problem. 
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Postoperatively the chest was clear (Fig. 0) and the harium swallow (Figs. 8 and 9) 
dropped more or less straight to tlie lower thorax where peristalsis in the lower coils rapidly 
passed it on into the stomach. The patient was discharged in one month after operation, 
eating normally'. Plans were to leave the gastrostomy open for a test period of one year or 
so before closure. 



Fig. 9 (Case 2).—Lateral view showing bowel fairly straight in upper mediastinum, coiled 

lower. 

From these histories it is evident that three principal mistakes tveie 
in the first ease. (1) The antegastric transposition of the jejunal segmen^ 
resulted in obstniction in the antral region of the stomach. (2) Vagotomy a 
the time the esophagus was resected rendered the stomach atonic au con 
tributed to the obstimction. (3) The anastomosis at the pharyngeal junc loi^ 
was made too small because of fear of interfering with the 
srwaUowing, whereas subsequent observation showed this danger to m 
theoi’etic than real. There were no significant complications other than t le on^^ 
mentioned. The thoi’acic duct fortunately was not encountered in eit 
and the recuiTent larymgeal nerves were carefully avoided. The distal esop a^^^^ 
was resected both times to eliminate a potential source of danger m 
mediastinum. All wounds healed per primam. 

TECHNIQUE 

Tke problem in the first stage of such an operation is to isolate a segment 
whose blood supply will have adequate length to reach the neck without un ne e 
without too much redundancy of bowel. To accomplish this a long artena area ^gy^gy 
lished by sacrificing as many intermediate radicals as seems necessary ( tg. ^ is 

no more than one or two main jejunal branches. As shown m the / jj upward 

transected proximally where the secondary radicals are longest so as to give m 
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off«t of bo^el alon^j blood ffU|)jdy, (lioroby adding Icnglli to the prnxlmnl end. Tho dlstnl 
end on tlie other liand should 1x5 cut na short ns bloo<l Hupply to tho remaining jejunum ^vill 
pormit. This serves to minlmito redundancy In the Isolated segment, whieli Is iilvra>Ti a 
problem. The proximal arterial supply is not dlvldnl ns in tho dmwlng until tho second 
stage. 

Tho loop is brought up through tho Imnsverso nicsoeolon, tho Iciiser peritoneal sac, and 
tho gostrohopatlc omentum where it is fixwl to preserve mnxlmuni length nhove this struc¬ 
ture. The proximal arterial mdicnl is tnggc<l for ready identiflention later. Tlic eontinulty 
of the remaining jejunum is re-eslnblishetl by end-to-end aoastoniosls. 



rtf. 10. Ftc. 11. 

lO'—flan for flrst stnee of opemtion slmwlng how bowel will offset upward on blood 

11*—First stnBO coninlptotl. laolntrd xeipncnt la nrtuallj- colloil and covered with 
veil or omentum to prevonl adnasfnna. lYoilnint arm of arterial arch fa not divided until 
tlie aeeonil atntco. 


The distal end of the jejunal loop Is nnostomosed to a fairly large circular ostium in 
the fundus of tho stomach mado by excising n colnllke portion of its ^mH. Tho proximal 
00(1 of tho loop is dosed. Tho loop is tlien coilcil up, covered vritli a veil of greater omentum 
to prevent adhesions, and left bcnentli tho diaphragm (Fig. 11). 

In the second stnge the chest la opene<l through the seventh interspace and the din- 
phrogm opened anterolatemlly for a short distonco from tho esophageal hiatus. Tho segment 
of jejunum 1 h freed with extreme care to ovoid tearing away seromuscular layer. Tho 
proximal arm of the arterial arch wldcli was taggwl previously Is divided and the mesentery 
dissected along the remaining vascular supply to remove iieritoneum, lymph nodes, and other 
tiwucs restricting length. Care must bo taken not to place tension on the vessels wliioli 
^ Rht injure them. Tlip \'ftgiiK non-os are mobilized from the esopliagus and profwrved. The 
sphagna }g freed from tlie medioirtinum and tmusccted at the cardia. The oi>ening in flin 
stomach U closed securely to permit early feeding. 

An incision Is made along the anterior l)order of tlio left stemomaatnld and both tho 
osojiliagus and tlie upper extremity of tlio jejunal loop are drawn out the nock with os little 
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tensioii as- possible. The jejunal segment may pass on wliicliCYer side of the aortic arch 
that seems best. The loop inside the chest is straightened as well as possible and the excess 
is replaced in tlie abdomen where it is fixed as the diaphragm is closed. Penicillia is left 



Elg. 13.—^Anastomosis of esophagus to 


jejunal segment is complete. 
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in the plouml »pnoc tind two or raoro Intorcoetiil dminnpe cnthelore tiro employed for n few 
days to inaurc early and complete ro-cipanaion of tlio lunj;. Tlio reanlting picture nppoara in 
the drawing (FIk. 12). 

After the mcdiaatinal apaco la well aealed, tlio anaatonioala can he made in the neck 
without fear of possible leakage (Fig, 13). The aunstoaiotic aperture should be made as 
large as possible by licroling or pomo sueh device, A small rubber tissue drain should prob¬ 
ably be left la the retroesophageal space postopemtlvely. 

ntscus-stoN 

Although two enscs reprcRcut a very limit eel expcrionce, eertnin cssentinl 
fenture.s have heen oli.scrvcd to contrilnitc most diroelly to the oiiteome. (1) In 
the first .stngc the jojuiinl loop mii.st he enrefiilly plniincd to obtain maximum 
length of blood supply and minimum length of bowel on it.s di.stal end. Al¬ 
though it has not been tried, it would seem fea.sible even to sacrifiee some of 
the redundant portion of bowel to gel a “ali-aiglil .shot" to the stomach. (2) 
The loop must be tninsplnnleel liebind both colon and stomach to take full 
advantage of the length of the arlcr}’ and to avoid obstruction to stomach or 
liowol. (3) The loop is elo.scd at its proximal end and anastomaseel to stomach 
at its distal end at the first stage to avoid contamination of the mediastinum 
during the .second stage. (4) A fair-sir.ed coinlike portion of the stomaeb 
should lie excised for auastomosis to insure adwiuato centrifugal pull by 
gastric muscularia for maintaining patency. (5) Kxtremc gentleness and care 
are necessary' at all timc.s if adliesions arc to be avoided. (C) The vagus non'es 
should bo preserved if at all iiossible. (7) The blood supply should bo carefully 
liberated to its fullc.st extent by dissecting awa.v jicritoneum and lymphatic 
tissue. (8) Closed drainage of the pleural space, posloperativel.v hastens 
closure of the mediastinum and jircvcnls infections. (0) The third stage is 
delayed until the mediastinum is well sealed so thoie will be no danger .should 
the cervical anastomosis leak. (10) And finally the anastomosis in the neck 
should bo ns largo ns feasible. 

The advantages of this methoil seem to be ns follows: (1) The blood 

supply to the transplanted loop is routed tliTOugh the .shortest moat direct path 
to the neck, thereby creating lc.ss difUcully in obtaining adef|uato circulation. 
(2) The sub.stitute segment of bowel is shorter and stiaighter and the ingested 
bolus “drops” more rapidly to the stomach. This avoids the relative stasis of 
longer segments. (3)' The loop in isoperistaltic and responds well to the 
.stimulus of distention. (4) The stomach rotiiiiis its normal function regarding 
both capacity and digestion. (5) Two potential danger points, the anastomosis 
sites, arc outside the chest and thus more accessible if difficulty should arise. 
(6) The gastrostomy is not disturbed throughout the entire procedure so that 
there is always a satisfactory moans of maintaining nutrition. (7) Last but 
not least the cosmetic effect is much more satisfactory. 

SUllMABT AND CONCUUSIONS 

Two case reports have been presented in which complete lye strictures of 
the cervical esophagus were treated by transthoracic substitution of a loop of 
jojnmim for the esophagus. The threo stages of operation for this have been 
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described and the essential features pointed out. The advantages have been 
enumerated, the disadvantages being taken into account. So far the results 
have been veiy encouraging and further trial seems indicated.* 
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DISCUSSION 

DB. HEBBEET WILLY MEYEE, New York.—This intere.sting paper of Dr. Harrison’s 
is an important contribution to the surgerj' and reconstruction of the esophagus. The intrn- 
thoracic use of a single tube of jejunum to replace the esophagus is a real advance. In 
1940 we had to resect the lower thoracic esophagus together with a total gastrectomy for 
carcinoma. An intrathoracie esophagojejunostoray was employed to re-establish continuity 
of the intestinal tract. A double-barrel loop of jejunum was brought up into the thorax 
with an enteroenterostomj' lower down witliin the abdomen. The Eoscoe Graham type of 
anastomosis was employed. There was dehnite tension at the suture line. We briefly re¬ 
ported this case at the Toronto Meeting of our Association and the case was published in 
Surgery in 1942. I should like to present one lantern slide to show the functioning anas¬ 
tomosis four months after the operation. Dr. Churchill at that time stated that he had 
performed a similar operation but the patient unfortunately did not survive. We both had 
found that there was a good deal of tension at the site of the anastomosis if a double-barrel 
loop of jejunum was employed. 

Dr. Harrison’s method of using only a single tube of jejunum is a real advance and 
completely overcomes the objection of tension at the anastomosis. I am certain that this 
newer and better method will be employed frequently in performing intrathoracie esophago- 
jejunostomy. 

DB. BICHABD H. SWEET, Boston.—I hesitate to address you again, especially after 
such a brilliant procedure which is far better than any of my ovm experiences in this field, 
but I would Eke to tell you that I have also been trying to “out-EienliolT Bienhoff. 

(Slides.) This was another example of the use of the jejunum in the mediastinum, 
and I am absolutely convinced that that is the proper place for it. I think it is fax 
superior to any external esophagoplasty of any sort whatever, especially using the jejunum. 
Tins was a case of lye stricture of the esophagpis involving the entire esophagus from m 
pharynx down. 

This is the resected specimen and, because of my preference for one-stage operation., 
I performed this in one stage xvith two phases, the abdominothoracic as the first incision, 
freeing a loop of jejunum, bringing it up and then after a sufficient quantity of jejunum, 
had been obtained, closing the chest incision and making the cervical one. This shows 
swallow of barium going down through. The operation is not an easy thing to acconip is i, 
and I am sure Dr. Harrison’s method has certain superiorities. This loop was brought up 
aud after transection the proximal end was implanted low down into the distal portion ). 
the Bnux type of procedure, "riie other end was used for the pharyngojejunal anastomosis. 

The reason I did not use the stomach in this patient was that she had had the antrum 
resected because this lye had not only burned the entire esophagus but had also produc 
stricture at the pylorus. She had had a partial pylorectomy which made it impossib e 
mobilize the stomaclu 

•At the time of this publication, one year later, both patients eat well and are appu 
ently without complication or difficulty. 
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Dlt. 'W'IIjMAM F. ItlKNlIOFK, naltlmnro,—Wo linvc Imil tlirco iraccoraful cnscfl of 
intmtliomrlc tnin^plfintutJon of tlio jojunuin following nwotlon of tlio osoplinpuB and I 
intend to use IIiIh nicthotl more frequently in the future, for the simple reason that the 
jejunum, from the standpoint of lengtli aMillablo, prewnts dlfRcultles and the size of the 
eventual tul)e Is l)Ottcr suited to lake tlie place of flie esopUnjjus in the medlnstinum tlmn 
pullinp up the bulky stomneh. 1 \nis wry nmrh intorestoil in J)r. Ilarrlson’s presentation and 
Dr. Sweet's discussion. Dr. Harrison's leiivinf; tho first bninch of tho ^iisn roctn jojunnlls 
may have a very imjwrtnnt role in prcventlnp scurrinp njul cnrlinp of tho jejunum wliirh is 
left In the abdomen followinp mobillTation. Dr. JUaloek, some years ngo, sagp:cstcd to mo 
that it would pcrlinps l»e l>ettcr to leave the Jejunum in tlie alKlomen for a few days after 
mohnixntion by cutting the flrst, second, and thlnl rcctn jejunalls, dividing the proximal 
end of tho jcjuimm just distal to the ligament of Treitt. Ifowovor, it Avas found that when 
this was done tho jejunum Ix-cnmo eurle<l ami tho vascular eomb Avas shrunk and Rcarre<l 
to tlie extent tliat it Avas very dlfheult to nffeet a thomeic bridge or spread out tho jejunum 
snfflclenlly to bring it into the chest «ivity. Attempts to straighten the jejunum Avould 
often ti'nr tho mesentery and result in interference with circulation to the bowel. These 
patients Avore reported in the Southrru Jourant in Deeemljor, 304fi. 

A reversed Roux loop, leaving the flrst vessel departing to the jejunum from the 
superior mesenteric artery, was [forfontietl by me anti left in nt this time. This left tlic 
first nrter)' intnet, as suggestetl by Dr. Harrison. IVrImps some form of transplantation of 
vesw'ls into tho mesonferA* of the jejunom Intmtliomrieally might he tlie answer to tlio 
problonu 

The difPlculty In using jejunum herctof«»re 1ms certainly Irecn one of interference with 
circulation to the bowel. In a patient reporte<l by Dr. William Longmirc, in which he did 
a subcutaneous transplantation of the jejunum, (he Intcmnl mammary artery Avns suturerl 
to one of tho jejunal vessels of the wsculnr comb. This method, however, on account of 
tho very snmll (rmmetcr of the a'CsscI Avould prolmbly not l)e practical In the majority of 
ensop and, furtliormoro, such a vessel could not Ik* used IntmJhoracIcnlly because not enough 
length could lx* olitainod. If the circulation of the jejunum is maintained, and I think it 
can Ik*, tliero Avonld seem to Iw no question of a doubt ns to tho desirability of the use of 
jcj\inum in preference to the stomach. 

DE. CLARENOF CRAFOORD, ytockholm.—I do not know If information is UATiilnblo 
in this coutr)' about tlio Avork that Yudin in Mowow has done in this field. 1 have not lieen 
able to obtain any nccurato information raA*seIf, but from Russliin surgeons Avho havo Aislted 
Htockliolm I liavo hcanl that lie has now done betAveon 200 and ,100 operations of this tyjK*, 
anastomosing the jejunum Avith tho esophagus ns high up in tlie noek as tlie pliar^mx. In 
tills numlior are included, I hnvo iKJcn told, both cases done in many stages and ono-stngo 
procedures, both in front of the sternum and Inside the cliest. Ho hns also tried tho same 
metiiod that Dr. Harrison has descrllKxl, but ho has found that later on in these stumps, 
transplanted into tho plmiynx, there 1ms develojMMl severe irritation oven with uleoretions, 
so lie now strongly ndvlses not to annslonioso the jejunum Avith the stomach. Ho adiiscs 
letting the food go directly from tho mouth Into the jejunum, excluding the stomaclu 

I liavo performed only one of these opomtions, and it was astonlBhing to me to see 
how long a loop it aatub possible to obtain adth very good circulation by dividing tlie vessels 
after the method shown by Dr. Harrison. Ono can divide four or five branches and get a 
loop that Is nlMJut 75 to 100 era, long, which corriaa up into tho nock Avlthout difflculty. 

dr. OWEN H. WANGENSTEEN, Minneapolis.—Dr. Harrison's report haa boon very 
stlranlating. Tliero Is an additional mnnouvor that may bo implemented to insuro a better 
arterial bloo<l supply to the jejunal loop SAvung up into tho thorax, a procedure which I have 
employed several limes ns an auxlllmy lo total gastrectomy, with tho thouglit In mind thnt 
tho capacity of tlio noAV Jojunnl reservoir for food would l>o Incroastnl thereby. The tccli* 
aique consists In denuding the superior mcsontoric artery nt Its root from tiio aorta from 
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tlie overljong adventitious tissue; in other words, the superior mesenteric ganglion is re¬ 
moved. Tliis procedure should not only delete the anastomotic arterial channels of the 
small intestine but should, at the same time, diminish the resistance to distention of the 
loop, thereby, theoretically at least, making it possible for the patient to eat larger meals 
without experiencing intestinal colic. 

I have had no experience with the procedure described by Dr. Harrison of bringing 
segments of jejunum up within the thorax. Whether one should anastomose the distal end 
of that segment to the fundus of the stomach as Dr. Harrison did or re-establish continnitj' 
by an end-to-side jejunojejunostomy, as Yudin does and Crafoord prefers, is difdcult to 
decide. An isolated gastric pouch into which neither food nor saliva make their way may 
invite a duodenal ulcer; on the other hand, may a jejunal ulcer develop at the new jejuno¬ 
gastric anastomotic site if the new esophagus (jejunal segment) is anastomosed to the 
stomach?. In other words, both procedures leave questions unanswered, to be resolved only 
by time and more experience. In defense of the operation as Harrison did it, there is at 
least this consideration: a jejunogastric inlet anastomosis probably does not invite a stomal 
ulcer in the same degree as a gastrojejunostomy outlet, because in the latter instance the 
stoma is an important outlet for the acid-peptic digestive juice, whereas, in the instance of 
the jejunogastric inlet anastomosis, there will be only occasionally regurgitation of gastric 
juice into the proximal jejunal seg^ment. Whereas Dr. Harrison believes it best to leave tlie 
vagi nerves in order to avoid gastric retention, vagotomy by reducing gastric secretion may 
diminisli the hazard of a stomach ulcer. If a vagotomy is done, a pylorotomy of the Ramm- 
stedt type probably should be added. 


There is an additional comment which I should like to make with reference to tlio 
nature of so-called idiopatliic esophagitis and stricture. The experience of our surgical 
clinic with the management of these lesions suggests that esophagitis is a manifestation of 
ulcer disease. My associate. Dr. N. Logan Leven, and I have now observed six patients m 
whom gastric resection did away with the necessity for continued dilation .of an esophageal 
stricture. The first patient was observed in 1939; an extensive gastric resection was done 
because of massive hemorrhage for a duodenal ulcer. During the previous five years, the 
patient’s esophagus had been dilated more than 100 times. After a few dilations following 
gastric resection, the necessity for dilating the esophagus disappeared. During the interven 
ing years, five additional patients with esophageal stricture have been treated similarly wit i 
equal success. Some of these patients have had an accompanying ulcer, others have not; 
one patient had a corkscrew-like stricture of the lower esophagus associated with ^ con^ 
genitally short esophagus. I am now considering the idea of exploring the possibihty o 
whether the dysphagia of cardiospasm as well ns that of bona fide lye stricture (of t le 
lower esophagus) also may respond to gastric resection, on the thesis that an active aci 
peptic secretion may continue an established vicious circle. 

Moreover this much also probably should be said: the esophagus undoubtedly is mor^ 
susceptible to injury by the acid-peptic digestive juices than is the stomach or ^ 
duodenum. And if the esophag;us rather than the duodenum were the gastric outlet, 
believe that every patient with an active gastric secretory mechanism would have an ac^^ 
peptic ulcer in the esophagus. Work now in progress in our experimental laboratory s i ^ 
definitely the greeted vulnerability of the esophagus to injury by the gastric secretions. 
a dog’s duodenum is obstructed just beyond the pyloric outlet and histamine is 
stimulate gastric secretion, esophagitis with perforation is a common, sequel, whereas 
stomach in the short postoperative survival period appears to escape unscathed. 


DB. HAERISON.—It is indeed gratifying to hear the encouraging comments o 
distinguished gentlemen. In answer to Dr. RienhofE’s question, certainly the bowel is 
to shorten and become adherent, and tlie mesentery contracts. The purpose in very 
fully wrapping tliis loop of bowel in available omentum is to prevent these 
seemed to me in these two cases that by carefully dissecting the mesentery an ^ 
away the restricting -tissues the loop should gradually straighten out to the necessary 
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CONHAI) R. Laji, 3I.I). 

Dethoit, JIicii. 

I N 1943, Ilniglit iind TowhIc.v' i-cportcd tlio fiisl siippcssful surgical repair of 
congenital atresia of the esophagus by a single mediastinal operation. Since 
then, tliero has been genenil agreement that this plan of attack is far superior 
to the multi])lc-.stage ])rocedni'e which resulted in a fair numher of snndving 
children, most of whom, however, carried salivary fistulas and gastrostomies for 
a long time while they waited for the final eonstmetion of the antcthoi'acic 
esophagus. The impi-ovcd prognasis in infants treated hy primary end-to-end 
anastomosLs is illustrated in Swcn.sonV execllent .scries. He was able to com¬ 
plete the operation in thirty-two out of thirty-scvcti eases, and, of these, twenty- 
seven surnved. 

In my scries of thirteen infants, it was passible to ))orform a presumably 
sidisfaetory anastomosis nine times. Only three of these bahics sundved; the 
unsatisfactory results were due to bivakdowm of the anastomosis four times and 
ancsthotio diHlcultios twice. Of the four habics who did not have an end-to-end 
ana-stomosis, two died in the immediate poslojmi'ativc period following intm- 
mcdiastinal ligation of the fistula, and futile attempts to connect the segments 
of the esophagus. The other two childrai have had the continuity of the ali- 
nicntaiy tract estahlislusl by the eonstruetion of an antcthoi'acic esophagus when 
they were relatively young fat ages 27 months and IS months), ft is with the 
surgical prohlom of completing sueh multiple-stage ju'oeedm'es that tliLs jiajicr 
is conccnicd. 

As will he seen from the ease reiKirts, the sefincnco of events differed con- 
sidcnihly in the two infants. Nevertheless, the final anatomic situations were 
identical, and the following gcncial plan of inanagcmcnt was evolved. If ap- 
liroximation of the two si'gments is impossible at the time of the mediastinal 
cxifiomtion, the lower segment is detached from the trachea, ligated, and allowed 
to retract towairl the ahdonien, and the tracheal opening is closed (Stage 1, 
Fig. 1). Thvo days later, if the condition of the infant warrants, the upper 
segment Is exteriorized in the left clardeular region and is opened to imi-ndt sham 
swallowing (Stage 2, Fig. 1). The third stage follows shortly; it consists of 
mobilization of the cai-diac end of the stomach and tho lower esophageal segment, 
through an abdominal approach. Tho segment is extenorized through a skin 
tunnel, the end Iming brought out as high ns possible on the chest wall (Stage 3, 
Fig. 1). Feedings through this esophagostomy are carried out during the ensu¬ 
ing year by the intermittent insertion of a catheter. Snch an csophagostomy is 
netter than a gastrostomy, bceau.se tho intact cardiac sjihinctor retains the 
stomac h contents after tho removal of tho tube and there is no excoriation of the 

^TOm tho Division of Oeneml Surterr of tho Henry Ford Hoapltal, Detroit, lllch. 

Annual Meeting of The Amertcan Awoclatlon for Thoracic 
>, wuotxtc, CnnaCa, May 31, June 1, 2, 1948. 
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skin. Carter® suggested such use of the lower segment, but in his one case, an 
abdominal operation onlj’’ was done and only that part of the esophagus Yhich 
could be draum down through the esophageal hiatus was available. The infant 
lived only a few weeks. It may be significant that there is no record of an 
idtimate sumdval when a blind esophageal pouch has been left attached to 
the trachea. 



Casf 1.—T. E. A preliminary and a progress report on tliis . j 1043, 

previous communications.^, s He Avas born in the Henry Ford three 

and the diagnosis of atresia Avith tracheo-esophageal fistula was m operation, 

days old. Because of the high mortality then associated uith 
I Elected to do the multiple-stage procedure, although I have no doubt 
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operation would have been anatomically feasible. On August 4, under drop-ether anes¬ 
thesia, the stomach was transected as near the cardiac orifice as possible and mnshroom 
catheters were placed in the two parts of the stomach. The one on the pyloric side ivas 
used for feeding and the one on the cardiac side was used to drain the remaining lower 
segment of esophagus. Such a procedure was once used by Gamble,s whose patient died 
on the twelfth day from perforation of the stomach. It was similar in principle to a plan 
followed by Levenr on a child who is now the oldest patient to survive any kind of attack 
on the anomaly. 




Pig. 3 (Case 1).—Photograph taken after the first attempt to brldsed 

the upper small defect (arrow) and the larger lower defect which has been temp 
with a piece of rubber tubing. 


On August 18, the upper segment of esophagus was exposed through nn mcisi 
the anterior border of the left sternomastoid muscle, and its length was sue i t in ^ ^ 
could be exteriorized through an opening in the skin below the clavicle. (Stage 
At the age of one month, he was discharged to home care. The plan was to a ow^ 
attain the age of one year before anything further was done. However, on 
he was admitted as an emergency case because he had coughed up some foo w 
been placed in the distal gastrostomj'. It was obvious that a fistula had forme 
the two portions of the stomach, and it was urgent to disconnect the lower segnie^ cavity 
its fistulous connection with the trachea. On January 21, I opened the left P finger, 

through the seventh interspace. The esophagus, which was the size of the ^cuPly 

was picked up and traced to where it joined the trachea at its bifurcation. "^cPilize'd 

ligated at this point and cut. The diaphragm was opened and the cardia ^as 

by cutting the short gastric and left gastric vessels and the end of the esop ^a 
brought out through a stab wound in the left lateral abdominal wall. t ^cre 

brought to its final location on the anterior chest wall because the two jlic 

in the way. On February 11, the continuity' of the stomach was re-esta^ jermittent in- 
two gastrostomies closed. Feeding was now easily accomplished by the ui e 
sertiou of a catheter into the lateral esoplmgostomy. On February 19, he was 
again for home care. 
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On Aup. 10, lOll, wlion ho wiip a Jillle over 1 year old, ho was ndniittcxl for the con* 
Btniction of the untothomcic cjiophugup. Ah n flrnt atop, the loner acgTiiont of epophagns 
miB moved from Ita poaltion on the Inleml abdominal wall to a point above and to the 
left of tho xiphoid. Thus, the altuntion in Stngo 3, Fig. ] wna not nccompllHhod in thla 
patient until ho wan a year old, Ou September 8, nn nttcmjit wna made to construct a 
skin tube connecting tho two esophagostoniieH according to stepp A, B, and C in Fig. 2. 
Duo in part to malnutrition, the skin of the cheat wall wan so loose that I yielded to tho 
temptation to close tlie triangular defeetB scon at cneh end of the tul>e in Stop C by con¬ 
tinuing the linear suturing until tho entire raw surface of tho tul>e wna covered witliout 
the use of free or pedicle grafts. Tho result looked very good immediately after tho 
operation, but ou the fourth day, there was o|>enlng up of the tul>o at the lower end for a 
distance of several centinHders. The innin foctor in this appeared to Iw adherence of tho 
two suture lines, with the result that pull on the external skin also tended to pull tho 
suture lino of the dermic tube apart. For this reason, it has been indicated on Stop C, 
Fig. 2, that if such a closure is oonteniplnled, the suture line in the dermic lul>e should he 
eccentrically placed so that it will not lie immedintely under the outside suture line. 



P1& 4 (Cn*e 1).—tubed pedicle Is being utllUed to cover the lower defect. 

The appearance of the nlidomlaal wnll after this stngo is shown in Fig. .'1. In addition 
to tho largo lower defect, there was a small leak higher up. Further attempts to complete 
the tal>e wore postponed until tho llasuos were softer. Tlion on Februnrj' 6, tho lower 
part of the tuho was elos<Hl again, and the raw surface wan covered with a dennatomo 
graft. This stage was also a failure, and It l>ecame obvious tliat nothing short of a snb- 
Btantial pedicle graft would give ]>om\anent closure. O.ousc<iucntly, on February 10, a 
P^lcle was raised on tho right side of the abdomen, and on Afarcli 6, this was used to 
cover the lower part of the demiic tube which was formed for the third time (Fig. 4). 
On April ^0, the pedicle wus cut looae from the right side of the abdomen and the excess 
tube wag attached at a point higher on the chest in order that the part not needed for the 
lower defect could be used for a patch over the upper defect. This procedure was done 
on May 18. The upper opening did not ronialn closed, and it was utilized as an opening 
through which to dilate both the upper and lower esophagodermic Junctions with olive- 
t pped dilators (up to size 8 common duct dilatorH), The stricture at the lower junction 
Vfna so tight tiiat on September 7, Its i»ostorior aspect was exposed and it was corrected 
’y a plastic procedure, a longitudinal Incision l>eing closed tmns^’ersely. Dilatations were 
continued by passing the dilators through the upper opening until it appeared that a 
sfaclory lumen would bo maintained. On Nov. 15, 1945, tho edges of tho upper open- 
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ing Tvere freshened and it ■was closed b}' suture. This -was the last of t'wenty trips to the 
operating room. There has been no leakage since, and the child has consumed a fall diet 
at the family table ■without interruption. Fluids and soft food are ingested readily. 
When eating solid food rapidly, he sometimes gives the external esophagus a quick push 
with his wrist. His development has been normal in everj' way. 




Fig. 5 (Case 1).— Patient at the age of 5 years, showing completed antethoracic csophagu 

Case 2.—E. L., a boy (Case 7 in a jirevious communication'’), was bom on Dec. j 
On December 11, the diagnosis of atresia and tracheoesophageal fistula was made, 
immediatel 3 ' explored the mediastinum. The fistula was closed, and an attempt was 
to form an end-to-end anastomosis, but the gap between the segments was too 
lower segment was allowed to retract toward the abdomen, and the opening "" 
been made in the upper blind pouch was closed temporarili'. (Stage 1, Fig. 
days later, the upper segment was exteriorized in the clavicular region (Stage 2, 

Two days later, a transverse incision was made beneath the left costal margin an 
section of the short gastric vessels, the left gastric artery and the vagus nerves, t e 
segment of esophagus was drawn out of the hiatus and brought through a subcu an^ 
tunnel to a point to the left of the midline of the chest. (Stage 3, Fig. 1.) 
noted that these three operative procedures over a period of a week accomplishe e 
anatomic result that five operations over a period of one j'ear did in the first ease ( 

On March 18, a hernia of the left subcostal incision was repaired, and at 
time, a small pedicle was raised on the left side of the abdomen. This uas onj 
4 cm. in length, but it became necrotic in the middle. On August 14, an attemp wa 
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to construct tlio tlomiic tube. Ah in ('nso 1, the ukin of llio niljneent choHt wall wofl ho 
looso that it coulrl bo brought o\cr the tnlio without obvious tension, and no pedicle 
gmftfc were utilly.od. However, na a safety factor, relaxing incisions wore made at each 
end of the tube. Again, the tube opened up, this tinio at both ends, leaving a tunnel 
between. This tube wns dilnle<l b^' pnssing olive-tipped dilators in Iwtli directions. On 
Jan. 0, 10-IG, a tubed pwliele from the left nxlllary region wns used to cover the upper 
defect. Before healing wns complete, a stricture developed in the end of tlio upper eso¬ 
phageal segment, and a small plastic proceilure was carried out. The closure of tho lower 
opening wns delayed to permit occnsitninl «Blntntions of tlio upper part of the tube, nnd 
on Jlny Ifl, ]t>47, tho lower defect wjw covered with a pedicle from the riglit side of tho 
abdomen. Tho /Inal opemtlvo proce<b>re wns on .luiio 0. There lind been n total of eleven 
trips to tho npomtlng room. Twice since then n small area of infection has developc<l in 
the snlure nt tho medial nnd lower part of the tube. Tills has been followed by some 
leakage of fluid, but each time the opetiing closed spontaneously in (wo Avcoks, The tube 
has been wntor-tlght for four months, and the child Is eating normally (Fig. 7 ). 



FJc. 6 (Case 2 ).—Patient nt tho affe of 2 niontlis. trpper arrow points to cervical esoplia- 
jawmrnj’ which permits sham swallowing- Tlie lower arrow points to tho lower esophajrostomy 
''^hlch a catheter Is Insortotl nt foedinff time. Note the absence of skJn Irritation 
irom dlijestlve Juices, usually present with a restrostomy. 

Tberc arc other metliods of constructing an antotiioracic esoplingus, many 
of which are rctiewod by Yudin.* Ladd” constructed a long dcniiic tube to 
TOnnect tho cervical esophagostoiny with a gastrostomy in the epigastric region 
in several patients. This wns successful in at least one case, a girl who is now 
nearing her ninth birthday. Later, Ladd nnd Swonson'° indicated that they 
had become discouraged with a nielliod wliicli involved the anastomosis of a 
»kin tube directly to the stomach and recommended the use of a jejunal trans- 



334 


THE JOURN.VL OF THORACIC SURGERY 


plant to connect -with a short dermic tube. With this plan, food completely by¬ 
passes the stomach, at least a theoretic objection. The group at the Children’s 
Hospital in Boston have not remained enthusiastic about jejunal grafts, because 
in a recent article, Gross“ had the foUovdng to say with regard to Yudin’s 
method in adults: “In our clinic, attempts at similar jejunal transplantation ui 
children (for the treatment of esophageal ati-esia) have been troublesome or have 
failed because of the shortness of the loop which can be brought up onto the 
chest or because of insufficient blood supply (and sloughing) of the limb.” 



Fig. 7 (Case 2).—Patient at the age of 2% yeura, with completed antethoraclc esophagus. 

Longmirc and Eavitch’- have devised a method of mobilizing a eonsideiablc 
length of jejunum by transplanting it into a skin tulie raised in the left a 
dominal region, and later stepping this up into position on the chest. Tliey 
successful in one adult with a chemical stricture. The same method was u^ 
connect the two esophagostomies of an infant Avith atresia who had ha 
prelirainai'y stages thirteen months previously. This patient died at the age 
34 months, at which time there was still a fistula at the site of the esop lac^ 
jejunal junction. 

Eienhoff^” recently i-eported two cases of atresia in which as a 
operation he had dmded the esophagus at the diaphragm and mobilize 
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stomnch so well tlmt tlie cni'dinc cud could bo bi-oiiglit up tlirougli a skin tunnel 
and anastomosed directly to the upper csopbagostomy without the intcn'ontion 
o[ a dermic tube. A ))nticnt o()emted ou in 1941 lived one year and died of 
“staph, infection and diarrlica.’’ llis second patient also lived one year and 
died of diarrhea and a rcspimlorj- infection. 

Still more recently, Sweet" de.seril)cd a now method by which ho had com¬ 
pleted the inultiplc-.slago operation in a 21-inonth-old Imy by bringing the mobil¬ 
ized .stomach up through the ehe.st and out to the loft side of the neck through 
an opening made by irLseeting a imrtion of the left elnviclc and fii'st ril). Ho 
felt that the result was genemlly satisfactory, lint tlic early ivport.s indienteil 
an unsatisraetorj- weight gain. 

RUMMAItV 

In the management of two infants with atresia of the esophagus in whom 
the superior operation of direct annstomosia was not earned out, it was found 
to bo advantageous to exteriorize the lower .segment for feeding during the first 
year. Plastic procedures to connect this csophagostomy with tho upper cso- 
phngostomy with a donnie tulie weie completed in one child when ho was 27 
months old and In tho other when he was 18 months old. Disappointments 
encountered during the eoiLstnietion of the tubes probably could have Ikkui 
avoided by tho use of pcelielo grafts to cover the denuded areas. The function 
of tho nntethomcic cso))hngus in these en.se.s apjienra to bo as satisfactorj’ ns that 
obtained when more complicated i)iwedurc.s, stieh as jejunal tian.splnntntion, 
arc utilized. 
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DISCUSSION 

DB. EICHAED H. SWEET, Boston.—j-ou -will bear •svith me once again I ivill 
promise not to discuss another paper. I am much interested in Dr. Lam’s experiences, 
which are about the same as we have had. The construction of an external esophagus from 
a skin tube is a tedious procedure. As he did, I have likewise tried pulling the stomach 
up for use as the lower end of the external esophagus. I would like to make a suggestion 
as to how this may be handled different!}'. 

(Slides) This illustrates how I have handled these cases. A thoracic incision is 
made and the diaphragm is opened. The gastro.stomy is closed, and the stomach pulled 
into the chest. After closing the thoracic incision, the proximal end or fundus of the 
stomach was brought up into the neck through a cervical incision after resection of a 
portion of the clavicle and a portion of the first rib ns .shown here. 

This has been done in two infants, one about a year ago and one five or six months 
ago. They are getting along normally and beginning to develop. This is a one-stage 
operation and obviates the necessity for mechanical assistance. These children eat nor¬ 
mally and are not aware of the fact that they have a stomach that has been pulled up 
into the neck. 

DB. LLOYD H. ISIOUSEL, Washington, D. C.—If I may be allowed to digress for a 
moment, I would like to express my pleasure in learning at this meeting that the majority 
of major thoracic surgical clinics have abandoned the use of cyclopropane. During the 
past several years during which a number of deaths on the operating table have been 
reported, this agent was being used, klost of these deaths have been attributed to vaso¬ 
vagal or vagovagal reflex activity. It is my personal belief that deaths on the operating 
table due to cardiac standstill can be greatly reduced, if not entirely eliminated, if 
cyclopropane is not used. 

In managing patients who are undergoing resection of the esophagus, positive pressure 
is maintained in the closed anesthesia system at all times, in order to prevent bilatera 
pneumothorax from developing should the opposite pleura be opened. Large openings into 
the opposite pleura are usually recognized by the surgeon and the lung can be kept inflate 
until the pleura has been closed. However, if- a small opening is made into the opposite 
pleura, it may go unrecognized if positive pressure is not being maintained, and a complete 
pneumothorax may develop. Our patients are watched very closely on the operating 
table and great care is taken to prevent such a development. 

Following each major thoracic surgical procedure, our patients are x-rayed on the 
operating table. If there is evidence of air in the pleural cavity, it is removed he ore 
the patient is returned to his room. 

In our particular area, two cases have been reported in which the patient died on 
the operating table, due to accidental entrance into the opposite pleura. These patien 
were both undergoing lumbodorsal sympathectomy. In each instance the patient deve op 
an obstructive type of breathing, and it was felt by the surgeon and the anesthetist a i' 
that some obstruction to the airway had developed. Attempts were made to aspira 
material from the tracheobronchial tree without results. Both patients deteriorated 
rapidly and died before they were removed from the operating table. In each instance 
post-mortem, it was found that the patient had died of bilateral pneumothorax. 
are accidents that do not occur often and can be prevented by the use of constant posi 
pressure during the time the mediastinum is open. 



DECORTICATION IN PIIUIONARY TUBERCULOSIS INCLUDING 
STUDIES OP RESPIRATORY PHYSIOLOGY 


•lostTii Gordon, JI.D., Pay Brook, N. Y., and Edward 
S. WELLKi, JI.D., Saranac Lake, N. Y. 

T he liistorieal idcntifioiitioii of Ilu‘ (Iccorlicntion opcmtion lins been provi- 
oiialy Rindo by the Into Dr. Pmsor Giird' niid will, tbercforc, not bo fiirtbcr 
considered. Tbe present revival of interest must bo dated fioin the reports 
given at tbe Detroit Jlceting of this Association in Hay, 194C, on ebronie tmu- 
mntio hemothorax and empyema.’"* The purpose of this piesentntion is to relate 
experiences gained tlnus far in exploring the applicability of decortication to tbe 
inexpansible tnbcrenlous lung. Tbe eight eases to be reported upon is a small 
nnmbcr for a series, but seive ns a bn.sls for suggesting a method of study from 
which helpful conclusions might be drarni. The operative technitiue has been 
established and need not bo reiwrted here. 

Tho problem of henmthorax and pyothorax with or mthout air present is 
not entirely comparable with that of the inexpansible tul)creulons lung and 
empyema. Common to Imth is tbe objc<’tivc of obliterating the ]ilcuml space by 
re-expansion of tho lung. The fundamental pathology' and method of tieating 
tho underlying pulmonaiy disease arc not the same. Tho treatment of the 
plenral complication in tho former generally represents an end point. In the 
latter, the pleural problem is always .secondary to tbe parcnehymal dLsonso which 
is tho chief consideration. 

For tho prime purpose of obliterating tho pleural space, thoracoplasty alone 
has proved satisfactory' in many cases. Upon occasion, in tho presence of bron¬ 
chopleural or plcurocutaneous fistulas, the addition of a Schedc or myoplastic 
operation has boon required. "While thoracoplasty accomplisbcs a twofold pur¬ 
pose, permanent collapse of the diseased lung and obliteration of the pleural 
space, it docs so at the sacrifice of good functioning lung in eortain cases. For 
this reason and because of the desire of avoiding moie mutilating surgery, tho 
decortication operation suggests itself. The comparison of results must lx: made 
between the Uyo procedures. In attempting to bring nlmut re-expansion of a 
lung in which tuberculosis has been succcssfuUv treated, one must be mindful 
of possible harmful effects. The question of risk is naturally' posed. This must 
he weighed against tho hazard of long-.sustaincd pneumothorax. Once it has 
served its purpose, it Is desirable to abandon the pneumothorax, as expected 
reveisibility' is one reason for its application. 

That decortication is possible in cases of pidmonary tuberculosis has been 
demonstrated in several reports: Quid,’ Jluh-ihUl,' Currori and Gale,' and Lam.’ 
It was recognized at the outset that because of variable extents of parenchy'mal 
diseaso for which tho lungs were collapsed, re-expansion and improved function 

Sunro2.“n T^-cnty-elchth Annual Hcctinc or Uio American AMoclatlon tor Thoracic 

oargerr, Quebec. CannCa. May 31. June 1. I. 1918. 
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might not necessarily follow. In anticipation of such problems a cooperative 
study was outlined Arith Dr. George Wright, of the Trudeau Poundatiou 
Physiology Laboratoiy. 


The starting point for considering treatment of a disease or complication 
is a loiowledge of its pathology. The detailed patholog}’- of tuberculosis need 
not lie considered here. Tlie effect of long-sustained collapse on the underlying 
lung is of importance and seiwes to answer the question, ‘ ‘ Can the hmg he re¬ 
expanded? ’ ’ The morphology of coUapsed uninvolved pulmonary tissue as given 
by Vorwald® is as foUoAvs: “There is collapse of the alveolar spaces, the walls 
of which are approximated, but the architecture of the lung is not obliterated; 
there is liistocjdie proliferation of the alveolar walls and in the perivascular and 
peribronchial spaces with a slight increase in connective tissue; the blood vessels 
are more or less tortuous and the capillary spaces dilated; the lymphatics are 
little altered but may be dilated; the degree of connective tissue proliferation 
is not irreversible. ’ ’ The experimental Avork of Bruns,® and the studies reported 
by Gardner^® and Pinner^^ are the basis for the conclusions that “fibrosis in a 
collapsed lung is the result of inflammatoiy processes and not of the collapse 
per se. ” It is upon this basis that re-expansion of the uninvolved portions of 
the lung is expected. The anticipated degree of re-expansion, judged by the 
prepneumothorax extent of disease does not necessarily folloAV. Gardner stated 
that “extension of disease Avithin the compressed lung may proceed by Avay of 
the air passages and, to a more limited degree, through the lymphatic channels. 
Hematogenous metastasis is probably rare.” These data seiwe as a working 


base line for approaching the present problem. 

' The cases selected for treatment A\'ere those in Avhich there Avas eAudence of 
failure of obliteration of the pleural space by the lung. All measui’es to have 
the lung re-expand and obliterate the pleural space had failed. There was no 
question that perhaps in time this might yet occur. Cases A\ath advanced stenosis 
of a major bronchus A\mre excluded. In these it was felt that re-expansion was 


probably impossible and undesirable for fear of increasing the broncho-paren- 
chyonal bed distal to stenosis and risking suppuration. In five cases (Cases , 
2, 3, 4, and 5) the duration of the pneumothorax Avas over yeai-s and the paren 
ehymal disease was considered arrested, the sputa having been negative. Seven 
of the eight patients had fluid present which Avas positive for tiibercle baci i, 
tAA'o shoAAung frank pus. Tavo patients (Cases 6 and 7) had actrie pulmonai.i 
disease, Avith cavities and positiAm sputa. In these thoracoplasty aa^s done i'® 
to collapse the disease-containing parenchymia before decortication Avas un e 
taken. In Case 8, there was a liistoiy of pleurisy Avith effusion tAventy-sei en 
years before A\dth recurring sjTnptoms in 1942 and 1947. There was no clear-cir 
history of pulmonary tuberculosis imtil 1947, when a small antrum vvas no e 
on the contralateral side (left), the sputum and fluid wei’e both posithe, an 


intermittently a bronchial fistula could be demonstrated. 

The history and aU available films of each case Avere carefully 
A careful fluoroscopic suiwey as A\'eU as a study of inspiration-expiration 
indicated the present mobility of the lung. The factors of compensation, m 
pleural pressures, frequency of refills and the speed of re-formation of ui ^ 
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noted. All wci'o lironclioscopcd before operation and speeial respiratorj- stiidicH 
wero also raade, both Iicforc and after decortication. In two eases preliininari’ 
bronehogranis ns well as two other postdeeortiention bronehogmms were made. 

From these prcliniinai'>' studios a decision was made ns to whether a thorneo- 
plnsty would ho done before undertaking the dcrortication. In two of the nr- 
rc-sted eases (Gases 2 and 3), it was elected to do two stoBCS of thoracoplasty 
Iwcausc of tlio c.Ytensivcucss of the tulierciilosis lieforo pneumothorax. It was 
reasoned that Insufllcient pood lunp remained to anticipate cnouph ro-expnnsion 
to fill the largo pleural siincc. In Case 2 there was some nitcrinl oxj-gen desntura- 
tion ohsciwcd after o.xci'eiso on a motor-driven treadmill. Decortication resulted 
in decreasing the pleural space and some increase in lung volume hut no func¬ 
tional improvement. It was, therefore, felt that additional thorneoplnsty should 
bo done to aid in olditcrntion. Tliis has recently l)Con done and there is evidence 
that a satlsfactorj’ result will ensue. In Case 3 decortication ohlitcratcd the 
small residual space. It is expcetctl that no functional change has lesultcd. In 
Case 1 the patient had liccn traated with an emergency thoracotom.v drainage 
becanso of fulminating uncontrollahle mixtsl-infcction empyema and broncho¬ 
pleural fistula. Suliscquent multiple-staged thoracoplasties were done to oblit¬ 
erate the largo empyema space further to control the toxemia. A residual pleural 
space and cutaneous fistula at the site of the thoracotomy wound rcmniuctl. 
Decortication was carried out in preference to a Schedo operation; the lower 
lobe was mobilired and a good residt obtained. The patient was discharged ns 
well and has been working for a year. In Cases 4, 5, and 8 ])rimaiy decortica¬ 
tion was performed. In Case 4 ultimate complete obliteration of the pleural 
space was accompanied by further deanturation of the arterial blood; the 
detailed report of tliia case will he given by Dr. AVright.” Incomplete oblitera¬ 
tion of the pleural space with fluid forming in the presence of high negative 
intrapleural pressures rc.sultcd in Case 5, with no significant elmiige in pul¬ 
monary function. The primarj' plcuri.s.v with effusion case of twenty-seven 
years’ duration (Case 8) has almost complete obliteration, but it is too leeont 
postoperatively to evaluate. 

In the two cases in which fhoracopinsty was done for active pulmonaiy 
disease, decortication resulted in obliteration of the remaining pleural space, 
thas obviating the need for further fhoracopinsty. These two are of additional 
interest regarding findings at the time of decortication. In Case 6, a completely 
rollapsed lower lobe was found covered with peel. A second review of the films 
mdicated that this might have been anticipated. AVith removal of some peel, 
tubercles were seen and it was elected not to complete the operation except over 
the uninvolvcd portion of the ujipcr lobe. After decortication the lower lobe 
of Patient P. B. in Case 7 appeared slate-blue in color and, though the lobe was 
distended with positive pressure, tlio color did not change to the usual pink. 
dTie significance of this finding is not clear. 

In all except the cnee ivith the twenty-sevon-ycar history, the removal of the 
visceral pleural peel was relatively easy to accomplish with minimum trauma 
In this case much shai-p dissection was lequired and a strawberrj-- 
I'ke appearance was seen on the pleural side of the cortical layer. In all cases 
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there were areas Avhere the peel was most adherent which were considered healed 
foci. After a brief trial at removal these were circumvented and allowed to 
remain in patches. Studies before operation showed in aU cases some reduction 
in respiratory^ function proportional to the extent of the' pulmonary^ problem. 
Those studied postoperatively^ thus far have not shovm any^ significant gain in 
function as contrasted vnth one nontuberculous traumatic hemothorax case to be 
discussed elsewhere.^^ 


There were no spreads of disease, but it must be stated that streptomycin 
was used for short periods of time, both pre- and postoperatively. The signifi¬ 
cance of this theimpeutic adjunct is not knovm. All cases were on continuous 
suction for from forty'-eight hours to five days. There were no recurring 
empymmas and all woiuids healed by'^ primaiy union. 


In addition to the above-noted results there are some points which require 
further consideration. What of the re-expanded lung? Will it be normal 
healthy'- lung, or one showing compensatoiy dilatation or, one step further, true 
pathologic emphysema? The lung may be ventilated with poor circulation, or 
have good circulation and be poorly ventilated. There may be satisfactoiy' 
readjustment or the development of a shunt between unaerated and aerated 
blood. The volume of lung for re-expansion is unknown! because the amount of 
interstitial fibrosis cannot be detennined. The amount of disease seen in roent¬ 
genograms is by no means an index of all that is present. With healing and 
scar formation of the diseased areas there are local compensatory changes in the 
surrounding lung tissue. In addition, there is the probability that, under partia 
pneumothorax at least, compensatoiy changes in the lung have already taken 
place. Hence, some limit of distensibility may have been reached and may 
account for the failure of further expansion. It is known that in certain cases 
Avhere no previous pleural complications are suspected transudate fluid forms to 
take up the space the lung cannot occupy’-. In these, perhaps the limiting mem 
brane may be a secondary’ fonnation rather than the cause of limited expansi 
bility’. In several cases bronchography- has been done and there is some sUo 
gestion that it may’ be helpful in estimating the above-mentioned changes. o" 
long after decortication does it take the lung to return to normal? Foi 
present the answer cannot be given. These are the observed facts: (1) unme 
ately’ upon removal of the peel, the lung becomes distensible by positive pre^re 
on the anesthetic bag wdth an intratracheal tube present; (2) increase m w 
volume is noted -within several days as seen on postoperative roentgenograms, 
(3) the diaphragm is seen to move in a normal direction. Kecheck bionc 
spirometry is planned and in one nontuberculous case progressiim i 

in function Avas recorded. That some time must elapse before the uninvo 
portions of the lung become restoi’ed might be expected in considering the 
ously’ described histopathology’. A certain lapse of time Avas required to pio 
these changes and should be necessary before function is restored. This is 
tainly true of other immobilized parts of the body’. Regarding the pee 
left behind, since the etiology’ of the fluid is generally’ tuberculous an 
these effusions and empy’einas are clinically loioAvn to regress . 


question ames as to possible recurrence in the decorticated case. 


Insufficient 
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lime lins elnpacd in this group of cnsos to pei-mit iimking a statement. It miglit 
he of some signincanec, Iiowevcr, that histologic examination of these peels .sliow 
nonspecific scar in the older casea and tuhcrcle formation in the more rocenf 
ones. Further, the fluid was e.xamined and, in cases prcvioinsl.v positive on smear 
and culture, has been negative hy culture jmstopemtively. The parietal peel 
was more difficult and was only partially removed in some eases. Experience 
indicated that a plane of elcavngo was easier to develop at the endothoiacie 



Hr, .’'Rowing unexpanOnblo loft lung, pnenmothomi opaco with OulO prOBont 

broncblnl tlljieaM by bponclio»cop>'. T, M. lA, showlnc obliteration of entire 
•Pttw by thorocoplajity only. D. R. /, ■howlnc almont total collap*o of loft 
T> H b^l^n'othorax space, bronchlaJ •tenoaU of left main bronchus seen by bronclioitcopy. 

' ^ snowing tatUfactorj’ oblJlemtlon of left pleural apace by thoracoplaMy alone. 


fascia, whore lileeding was most profuse, than tiotweon pleura and cortical layer. 
Whether or not it is essential to remove the parietal peel is not knorni. There 
IS some suggestion tliat tliis may not lie entirely 1100033017 . For example, it is 
"Oil known that, in certain chronic empyema cases, apparent resolntion takes 
pace so that no evidence of tlie previously designated “thickened pleura” is 
^nlgenographieally demonstrable (Case 9). In addition, the previously ob- 
rved compensatory factors of flattening and immobility of tlio chest wall are 
Rep aced by normal contour and movement in the presence of a good functioning 
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lung. Further, some of the decorticated-hemothorax cases did not have tlie 
parietal peel removed and are reported as restored to normal function. Of 
particular consideration in these tuberculous cases is the fact that the volume 
of lung for re-expansion is an unkno^vn quantity. A completely intact hemi- 
thorax may not be required because of limited distensibility of the lung and the 
pleura may be again thickened as a eonrpensatory factor following re-formation 
of fluid. 



Fig. 2 (Case 1).—J. S. 1 , film showing parUally coilapsed lung with ^ j, S. 

peel on both pleurae, thoracotomy tube drainage because of bronchopieural nsm ; out- 

flim showing total thoracoplasty collapse, tube drainage stiil present. X S. m"* above 
iine of residual empyema pocket in the posteroanterior projection. J. S. i 

the laterai projection. 


in 


A further point for longer term observation is the possibility of det e 
of a reactivation of disease at a later date in the re-expanded lung. Is ® 
possibility that this distended or emphysematous lung is made more vu 
to the development of active disease? There is some suggestion, but not 
in some of the obliterating so-called “re-expanded pneumothoiax 
With mediastinal shift to the obliterating side and increased size of t ® 
lateral lung new disease or reactivation of stable foci have been noted to 
This point alone is of little moment, but in reinducing collapse of t le no 
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pniisiblo luiig or perfomiinp n tliomcoplnsty to nid in plcuml spnco oblitoration, 
ratber prompt clearing of these foci in the opposite lung has been obsen'cd. The 
problem needs study and would ree|uiro the scrutiny of statistical analysis for 
acceptance. 

CASE REPOKTS 

Case 1.—J. R., n white* nmn, 20 jvnra of qrc, with orwet of dlscoM* in 1039, had n pnon- 
mothnrax^ Mnrtcsl in July, 1940, lator compllcntewl by a npnntnnooui’ pnpuniothomx with 

llnld formation, Juno, 1942. IIo was troatoel liy ninny fhewt o^jiiratlonfi and continuation of 
thcrapoutle pneumothorax. Tn ilnrfh, I94t), the jmtient ilevolopod a fulminating mixed* infec¬ 
tion empyenm end Iiroaehoplennil fintula net.“e?*iiitntinp interrosfnl thomcotoniy drainnpo in 
April, 194J5. Tlirce ntnge:* of thurm'oplanty willi r<*w*ction of sejrments of ten rilm v>T\n com- 
plotwl on Oct. 18, 1943. Oeneml henitli improved but there remainetl a reuldoal pleural apneo 
and Q plenrocntonoona fixtulu nt into of thoriicoloniy. Decortication waa done in proforence 
to Rehrdc’fi opemlion on Ifarch •», 1947. Tlio regenerated client wall was ntJfT nnd retraction 
difficult, but peel wn« enpily removed, flpmirep were oi»on, and tho lung wap inflated pntip- 
factorlly. Dluid from oniproina wna mixetl. Rtnpliylococcl, Htreptococci, and Pnoumococei, 
a* well aa popitivc culture for tnherefe bneitll. Rputuni wop negative before thomcopinfity 
and thereafter. All flnid wap negative iMjPtdeeorlieatioii. Patient wnp ilisehargwl well on 
ifay 20, 1947, and hap reniaineil well and working one year to ilate. 

Comment .—Tlio eommoii eomiilienlions of long-standing pneumothorax oc¬ 
curred; fluid formation, ine.xpausililo lung, mixed empyemn with I)ronchoplcural 
fi-stula. 'Bmorgcucy treatment was rcguii-cd, tliorncotomy, thorncoplnsty, but a 
residual space and a sinus tract renmiued. The usual ti'catmont of such cases 
has been hy Schcdc's operation, hut dceortieation was used satisfactorily hero. 
There were no respiratoiy studic-s as the ohjeetive was that of ohliterating a 
small pleural space and sinus tract. 

Case 2.—F. W., a white man, ng***! 30 y«*nrp. Onpet of illneps auui dlJ!eoTert?d when pa* 
tlent wap 14 yenrp of age, on routine pchool purver in May, 19.31, wlion x-my and upatum exnm- 
Inntlons werv Iwth positive. Pntlent wub trenteil on routine panatorinm care until 1D30 when 
pneumoUiorax u'np eptabllxlied on the right Hide. He rcmoinofl well and Avna working when tlio 
treatment a-n* given up in 1941 and the lung wnn nlmont re-expandeil in 1942. A pudden 
acute plouritio epb^Hlo In 1943 wnp ncroropnnle«? by high fever and n mawive e/Tusion whicli 
roppondeil to oppiratlonp. It wiip nott'il that the lung would not completely ro-expand. Fol¬ 
lowing a periwl of wolMveing there wnw ii piniilnr conipliratlng illnepp in March, 1947, and 
tho fluid lieeumo thick and creamy by ilny. The pputum wnp negative but the pleural fluid 
wap positive on culture. The patient was admitted for purgical treatment Sept. 29, 1947. 

At broneliopcopy tho right main bronchup n-np notcil ns plightly reduced in lire and the 
npper lolio oriflee redocetl to about 20 per cent of normal. 

A preliminary tiiomcoplopty amp rarrloil out In two ptages with tho remoml of large 
Bfgmentp of pix rili^ njid was completed Nov. 10, 1047. 

Decortication \vn8 dono on Jan. 24, 1948, by removing a ril) and entering the pleura 
through itp beil. There were fluid, flbrin, nnd peel present. TJjo middle and loa-er Jobes 
P^^lod freely and tho middle IoIm) ajipenred of about iiomial pIio. 

A denpo maps wqp palpated at tho apical jiortlon of the lower lobe and w’op interpreted 
a henletl lesion, and, therefore, not decortlented. Dotli lolies distended on prcppuro of the 
nneathetic IjQg. The postopemtive eourpo 'wnfl uneventful, but re-exiainpion woe only partial. 

. QU ro-formofl run! deppito repea(e<l appimtioii and mulntenaTico of high negative pressure 
mo plenml ppace did not oblitemtc. 
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Respiratory Studies, Dec. 15, 1947 


Determined 


Predicted 

Maximum Breathing Capacity 

85 L/m 


131 L/m 

Lung Volume, Recumbent 

Determined 


Predicted 

Total volume 

3.80 


4.74 

Vital capacity 

2.42 


3.80 

Mid capacity 

1.90 


1.72 

Reserve air 

0.52 


0.78 

Residual air 

1.38 (37%) 


0.94 

Bronchospirometry 

Jliyht Lung 


Left Lvng 

Alinnte ventilation 

30% 


70% 

0 .x 3 ’gen consumption 

20% 


80% 

COj output 

23% 


77% 

Vital capacity 

21% 


79% 

Arterial Blood Gases (at rest) 




CO. content 

47.77 vol. % 



0. content 

19.06 vol. % 

pCO. 

30 ram. 

0. capacity 

20.84 vol. % 

pO, 

S3 mm. 

IlbO. saturation 

91% 



Calculated alveolar p02 = 

93 mm. 



Alveolar-arterial gradient 

= 10 mm. 




Arterial Blood Gases (during exercise on motor-driven treadmill, 8% grade, 
2^/^ miles per hour) 


CO. content 
Oj content 
O. capacity 
HbO. 


45.40 vol. % 
18.71 vol. % 
21.73 vol. % 
86 % 


pCO. 44 nun. 

pO, 74 nun. 


Calculated alveolar pO, = 95 mm. 
Alveolar-arterial gradient = 21 mm. 


Aletabolie and Respiratory Eesr[)onse to Exercise* 

Minute ventilation 
Oxj’gen consumption 
COs output 

O. ventilation equivalent 

Dyspnea index =: .29 

Pulse rate (at height of exercise) 

Pulse rate (at end of 10 minutes of recovery) 
Respirator}' rate (height of exercise) 

Respiratory rate (at end of 10 minutes of recovery) 


24.3 L. 
0.805 L. 
0.76 L. 
28 L. 

12 S/m 
100/m 
22/m 
14/m 


490 grade 
minutes. 


•Tlie exercise was carried out on the motor-driven treadmill at 2 miles P?r, *‘5^(1 sixth 
rade for a duration of six minutes. Elxplred air was collected during tne i 
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HrariKAToitv BruDira, JIarcm 3J, 1048, I’osTnncOKTicATioN 


^^nxi^lunl Brcnthlnp Cnpncity 
Lung Volurao, Bocurabcnl 
Totnl volnmo 
YUnl cnpncUy 
Mid cnpncity 
KcMMTf* nir 
Bwidunl nir 

Lung Ycntnation L/ilcioiicy 

5 times F.R.A. = 80% (normal 
Bronchosplromotry 

iUnuto ventilation 
Oxygon consumption 
Carbon dloxldo output 
Vital capacity 

Arterial Blood Qasos (at rest) 


Determined 

Predicted 

04 L/m 

133 L/m 

Determined 

Predicted 

4.20 

fl.30 

2.64 

5.16 

1.82 

2.30 

OSiQ 

1.04 

1.20 (30%) 

1.20 

85% or more) 

Jiiflht Lvn[j 

Left Lilufj 

20% 

71% 

2r,% 

7(5% 

22% 

78% 

21% 

70% 


CO, content 

44.41 vol. % 



0, content 

17.00 vol. % 

pIX), 

33.0 mm. morcurj* 

0, capacity 

10.2(1 vol. % 

pO, 

}V1.7 mm. 

IBjO, saturation 

02.0% 

pn 

7.42 (immediate) 


Calculated alvoolnr pO, = 85 mm. 

Alveolar-artorial gradient = 5 nini. 

Arterial Blood Gasoa (during exorclw), 4% gmdo, 2 miles per hour) 


COj content 45.73 vol. % 

0, content 17.80 toL % 

O, capacity 20,37 vol. % 

nbO, enturatlon 87.4% 

Metnlwllo and Bospimtory IlcsponiK) to Exercise* 


pn 


Minute ventUntion 
Oxygon consumption 
COj outpnt 

Oj ventilation equivalent 

Dyspnea index = .23 

Pulse rate (at height of exercise) 

Pulse mte (at end of 10 minute* of recovery) 
Bespiratory rate (at height of exorcise) 
Keapiratory rate (at end of 10 minutoe recovery) 


7.36 (immediate) 


22.0 L. 
0.063 L. 
0.80 L, 
22.7 L. 


122 

62 

18 

12 


carried out on motor-drlvon treadmllJ, 2 miles per liour, A% emdo, for 
ration of «ix minutes, ExplrM air was collected durlnc fifth and sixth minutes. 
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Fig. 3A (Case 2).—F. W. L sho^s•lng extent of pulmonarj' disease befojc pneurMtlw«|- 
F. AY. lAj Aim shoT\'ing beginning pneumothorax and a better depiction p. W. 2A/ 

showing complicating pleural effusion in the presence of an incompletely exp^dea iu^. gj,o^1ng 
showing residual space after partial thoracoplasty. F. AY. 3 and SA, for most 

poor bronchial pattern for upper lobe, normal pattern of middle lobe, normal pat 
of right lower lobe except for apical portion. 







aORDON AND WT'HJ-W; UKCOIITU’ATIOX IN PDLllONAny TUl)RnCTJIA)SM 347 


An additional stapu of thonifoidusly with removal of tlirco more rllm (10 in all) 
done throe monthn after drcortlcuthm. Tliert* miu further dtHTon^o of the j)louml pparo nt 
the time of dUrharRC. Tlic nputuni remained nejintivo nnJ the iiostopemtiro fluid bctauno 
DCgativo. 



THg, 3B (Caeo 2).—F. W. i and iX. nhow nortlal further oxpnnjilon of luna following 
aecotUcatJon. Homo residual *inice \f aim Boon. i>oU««l lino aho-wa acme riecroaae In bIxd of 
kVu expiration. Indicating aoiiio funcllonol movement K. W. J nntl nhou’lng- further 
obliteration of residual plcurul Bpacc by addlllonal Iborucoplnaty. Dotted lino Indloata* chance 
in iQnff Bite In oxplration. 


Comment.—Thin wns a typical case ot long-standing puouinolliorax and an 
unexpandnWo lung. Tiicro wore repealed episodes ot pleurisj' with effusion, 
fever, and resulting empyema. Because ot tlio extensive lung involvement liofore 
pneumothorax, it was thonglit that thoracoplasty sliould Im done first to assure 
permanent collapse ot the diseased and apparently healed portion of the lung. 
Some degree of arterial blood ox.vgen desatnration was recorded on exercise 
before decortication was done. After decortication, respiratory studies showed 
air witli an inerca.so in mobility of the lung. The 
■emained nnclmngcd and there was no improvc- 
inont m the arterial hemoglobin saturation. It %vn3 then reasoned that the lung 
aad already reached its limits of functional distensiliility. Thoroforo, further 
pleural space ohlitorution would have to be aided by additional thoracoplasty. 
It Is expected that complete obliteration will follow. 


an increase in complcmontaiy 
bronchospirometric readings ^ 
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Case 3.—H. S. was a wliite woman, 31 years of age, whose pulmonary tuberculosis mis 
discovered at routine healtli checkup x-ray examination in November, 1938. Twelve days 
after sanatorium admission, pneumothorax was established on the right side and maintained 
thereafter. The patient became well and was discharged in 1940. Except for several mtcr- 
mittent attacks of pleurisy with effusion, she remained well until April, 1947, when disease was 
noted at the summit of the left lung and the right lung was recognized as unexpandable since 
no refills had been given for a very long time and no evidence of fistula was observed. - 
The patient was admitted for surgical care on Nov. 10, 1947. A bronchoscopic exam¬ 
ination showed only slight generalized redness on the right side. 


Ee-spiratory Studies, Jan. 14, 1948 


Maximum Breathing Capacity 
Lung Volume, Eecumbent 
Total volume 
Vital capacity 
Mid capacity 
Eeserve air 
Eesidual air 


Determined 
54 L/ra 
Determined 
2.00 
1.25 
1.00 
0.25 

0.75 (3S%) 


Lung Ventilation Etficieney 


5 times F.E.A. = 75% (normal = 
Bronchospirometfy 
Minute ventDation 
Oxygen consumption 
Vital capacity 


85% or more) 
Diglit Lung 
14%, 

9%, 

6 % 


Arterial Blood Gases During Exercise 

CO. content 39.28 vol. % 

Oj content 17.55 vol. % 

0} capacity 18.89 vol. % 

HbOj saturation 93% 

Calculated alveolar pO- 
Alveolar-arterial gradient 


Metabolic and Bespiratory Eesponse to Exercise* 


pCO: 

pO 


Minute ventilation 
Oxygen consumption 
CO- output 

O, ventilation equivalent = 35 L. 

Dyspnea (by complaint) 1 plus 
Dyspnea index =: .51 

•On motor-driven treadmill at 2.5 miles per hour, 4% grade. 


Predicted 
85 L/m 


Left Lmg 
86 % 
91% 
94% 


37 mm. mercury 
89 mm. mercury 
106 mm. 

17 mm. 


27.5. L. 
0.78 L. 
0.75 L. 


Because of the extensive pulmonary' disease before pneumothorax and recent ^ 
lateral disease it was elected to do a two-stage, seven-rib thoracoplasty which was comp 
Dec. 22, 1947. The decortication was carried out on March 18, 1948, when fluid, fibrin, 
peel were seen and removed. Nodular areas were seen and palpable. The middle 
about normal in size and the lower lobe was reduced in size, but the lower part mtla e 
factorHy. A portion of the lower anterior part of the upper lobe was also peeled free, 
postoperative course was uneventful and the pleural space became obKterated. 


Ooinment .—Pneumotliorax for very extensive pulmonaiy disease resulte J 
healing and an unexpandable lung. There were the usual pleural Auid 
cations in a dead space tvith contralateral reactivation as mediastina s ^ 
developed. Satisfactory obliteration of pleural space was achieved by a co 
hination of thoracoplasty and decortication. The contralateral lesion 
healed or regressed and sputum remained negative. 


also 
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>/ ■ , rt;: ivh^v. p-. 



e.C. 3A ' 
POST- OECOftT. 
RECALL 



• ' ' liinS 

Fig. 5 A (Case 4).—E. C. 1 , showing extent of bilateral /th 

each side. B. C. lA, showing Wl^/eral pneumothomXj^ lun^’noV unexpandahl^ ^ right 

Tincumothorax continued on right. E. C. SA, rlgni. lung complete expanse 

nle'ural” space. E. C. S, early postoperative film ^““''.'"^^’j^rMoUapse of right lung, 
lung following decortication. E. C. SA, showing spontaneous recouap 
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Cahe 4 .—H C., ft ‘Jn-yimr-old white irmn, a vclcnui, vni« found (o imve pulmonary tulior* 
rulojiis on ft routine x*niy film taken In May, 1042, for wrvlco tmiinfer. Pneumothorax was 
inutltutcil on tho left In Noremlier, 1042, nnd «liM*ontlnuet1 by re-expnnpion in Jfnrch, 1045. 
The right diiie aim nljK> trent(sl l>y jineunjotliomx bef'un in Februnry, 1043, and complicated 
by tuberculcHin cmpyenift in Feliruary, J044. EtTortn at ro'expnnwion foiled and bronclioH- 


UMPiitATonY STL*niK8, Maucu 1, MAnru .1, an'p Aiini. 3, 1047, Piti:utTOftTirATioN* 


iinximnm nn'afhiiig Cupneity 

I)< li rmtnrd 

74 L/ni 

rrrdictfd 
120 L/m 

Lung Volume, KeeunilK'nt 

Pftrraiinttl 

Frrdirted 

Totnl volume 

2.02 

5.14 

Vital eapneity 

1.R4 

3.88 

iHd cftpncit}* 

1..32 

1.04 

Penerve air 

0.24 

O.Ofl 

Pe^ldunl air 

l.ns (37%) 

1.26 

Lung Ventilntlon Kftirieney 

5 tiniei* mid enpneity = 
Bronelio^pironiet ry 

(nonnnl r= tCV/ or more) 
JUftht Lnntj 

]^fl Lunff 

ilinute vimtilafion 

27% 

73% 

Oxygen ront‘utnptlon 

lfi% 

.‘52% 

COj output 

15% 

8.)% 

Vital enpneity 

34%. 

00% 
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copy showed only slight distortion of the bronchial tree secondary to pulmonary collapse. The 
sputum was negative for tubercle bacilli and decortication was carried out on .Tune 12, 1047. 
Early in the postoperative course re-expansion was noted ns occurring but this was complicated 
by sudden collapse of the lung associated with a positive pressure. This was thought to he 
secondary to spontaneous lung rupture. Ultimately there was re-expansion or, more correctly, 
loss of the pneumothorax space. In this instance, however, as may be seen from the physi¬ 
ological studies, the function was further decreased. 


Eespikatory Studies, Dec. 16, 1947, Postdecoutication 



Determined 

Fredicted 

Maximum Breathing Capacity 

70 L/m 

129 L/m. 

Lung Volume, Recumbent 

Determined 

Fredicted 

Total volume 

3.77 L. 

5.14 L. 

Vital capacity 

2.32 

3.88 

Mid capacity 

1.64 

1.94 • 

Reserve air 

0.19 

0.68 

Residual air 

1.45 (38.4%,) 

1.20 

Lung Ventilation Efficiency 

5 times mid capacity = 69% (nornuil = 85% or more) 


Bronchoscospirometry 

Diffht Lung 

Left Lung 

Minute ventilation 

■ 32% 

68% 

Oxygen consumption 

25% 

75% 

COj output 

22% 

78%, 

Vital capacity 

36% 

64%, 

Arterial Blood Gases (at rest) 

CO. content 49.69 

vol. % 


0. content 18.16 

vol. % pCO. 

31 mm. mercury 

0. capacity 20.91 

vol. % pO. 

04 mm. mercury 

HbO- saturation 87% 

Calculated alveolar pO; 98 mm. 


Alveolar-arterial gradient 34 mm. 



Comment .—This is a most interesting case and seiA’es to suggest the possible 
undesirable effects Avliich miglit follow primaiy decortication. There tvas bilatera 
disease ’ftdtli bilateral pneumothorax treatment which was successful on the e 
but complicated by fluid and an unexpandable lung on the right. The post 
decortication incident of superimposed spontaneous pneumothorax suggests c 
nipture of an emphy.sematous bleb. Ultimate obliteration of the hydropneumo^ 
thorax was accomplished. This, however, was followed by increase in lun^ 
volume but decrease in lung function. There may have resulted shunting o 
blood in poorly ventilated area or the further development of emphysema in t e 
re-expansion. The bronchogram shows poor patterns on both sides wliich aie 
secondarj^ to parenchyuna changes. 


Case 5.—S. H. was a wliite woman 38 years of age. The onset of the 
May, 1939. Pneumothorax left started two weeks later. • Fluid formed in October, 1 
treatment was continued until 1941, when an attempt was made to re-expand the 
ing the use of oxygen lavage. The patient was rehospitnlized in February, 1943, w 
on the right was found to contain tubercle bacilli. In August, 1943, pneumothorax was 
on left side and later re-expanded, but was reinduced September, 1944, because o rec 


symptoms. 


the left 


At the present hospitalization there was a poor, nonselective pneumothorax on^ 
and an unexpandable lung on the right complicated by tuberculous effusion. It ■'™- 
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to do a fmnll apical tlioracoplosty on tlio left to coIlapM the diseased portion of tho lunp per¬ 
manently and abandon tlio pncnmotliorax for fear of bilatcml eonipllcations. Tliis ^\tL8 done 
on the left on Nov. 24, 1047, and a primary decortication ^ms done on the right Fob. 7, 194S. 


IvEflPiRATiON Stodies, Oct. 20, 1947, IBEi-onK Opee.\tion 


Determined 


Predicted 


ifaxiraum Breathing Capacity 58 L/m 

Lung Volume, IlccnnilK“nt Determined 

Total volume 1.68 

Vital rnimeity 1.17 

Mid capacity 0.75 

Beaervo air 0.24 

Besldunl air 0.51 (319?-) 


Lung Ventilation Kfllricncy 

6 tiroes = 7A% (normal - 8.1% or more) 


Bronchospirometry liifjht J.unp 

Minute ventilation 41^ 

Oxygen consuniption 33^ 

COii output 30% 

Vital capacity 33% 


Arterial Blood Studies (at rest) 

COi content 49.44 vol. % 

Oxj'gen content 16.85 vol. % 

Oxygen capacity 18.04 vol. % pCO, 

ni^ witumtion 03% I>0, 

Calculatetl alveolar i>0, 94 mm. 

Alveolar-arterial gradient 99 mm._ 


70 L/m 
Predicted 
3.70 
2.05 
1.05 

o.cn 

1.05 


lA'ft Lung 
59% 
07% 
64% 
07% 


38 mm. 
75 mm. 


RESPiruKTORY Studies Aran. 27, 1948, Aiaco.st Tiikee Mo.vtitb ArrEn DncormcATioK 




7V/rrminfrf 

Predicted 

Maximum Breathing Capacity 

65 Vm 

71 L/m 

Lung Volume, Bocurul)Ciit 


Deteminn'i 

Predicted 

Total volume 


1.57 

Kot done 

Vital capacity 


1.02 


Mid capacity 


0.72 


IlCTicrvo air 


0.17 


Penidoal air 


OJ5.5 (35%) 


Lung Ventilation Fflloicncy 




4.45 tlracji F.H.A. = 82% (normal 

=3 85% or more) 


Bronchospirometry 


Pight Lvng 

Left Lung 

innuto ventilation 


38% 

62% 

Oxygen, consumption 


30% 

70% 

CO, output 


32% 

• 08% 

Vl^ cnpnclty 


30% 

70% 

Alveolar-Arterial Gradient 

(at rest) 



CO, content 

43,22 toL % 


0, content 

16.37 vol. % pCO, 

20 min. 

0, cnpnclty 

17.29 vol. 

% pO. 

81 min. 

IlbO, antumtlon 

94.7% 

pH 

7.47 


Comtiictif.—This caso presented a bilateral therapeutic problem treated vitli 
liilateral pneumothorax and resulting in an uncxpandablc right lung with pneu- 
motliorax present over eight years and complicating tuberculous fluid whicli 
would not resorb under usual treatment. Decortication failed to decrease appre¬ 
ciably the size of pleural space or improve lung function. In considering tlie 
over-all picture, the extent of the disease before the right pneumothorax and 
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(10RtX)X ANn WF.t.I.KS : nKCORTlCATION IN ]>ULMONAnY TUnKRCUUJSIS SSf) 


the poor pattern shown by the bi-oiiclioKi-ani licfore doeortiention, it is not sur- 


prising that the rospimtorA- studies showed no ni)preciahlc ciiange. Tliis was 
interpreted ns RUpgesting tliat the limit of functional distensihility of the right 
lung had been renehed. f?ueh a ease should, therefore, have a thorneoplasty 
added to aid in ohlitcrating the remaining pleural space. This was done. 

Cash 0.—K. \V. >Tns n wlilto nmn, n vi*tornn, 24 ycfin< of npo, tlio on^ot of \TliOffe diHCOBo 
wnfl dlMOTorofl on routine dlwhnrjro x-my film, July, 1045. rnouniothomx wrm indufcd 
Fhortly tlioreiiftcr In tlio rntnp month. Durlnp ilio courw* of pollnp5o tlipmpy, fluid derelopwl 
which wnj» positive for tulK'rch* Imrillt E/TortP at ro-oxpnnHion foilofl nnd two of 

thoracoplasty wore mrricil out ilurinR February and ifnrrli, 1047. At bronchoscopy only slipht 
nnrrowiiip of the left nmlii bronchuM wna aotetl. No bronchinl diwaso or Ptcnosin wns visible. 

llv:fli*iHATOUY HTt'inwj, Aran., 1047, Pf«;i)FroimcL\TiON' 


liflrmiinfd 

Predicted 

Maximum Jlrirntblnp Cajiaelty 

Hd L/m 

151 L/m 

Lunjj Volume, Kecumlvcnt 

Drttrminrd 

Predicted 

Total volume 

3.22 

5.16 U 

Vital eupaclly 

2.40 

3.89 

Mid capacity 

I.IO 

1.94 

IleMJrvo air 

0.30 

0.08 

lloaldual air 

0.80 (24.9';?^) 

1.20 

Bronchospironietry: Left hme entirely nonfunctioninp. 


Ile«ponj*e to Hlx-Mlnutc Walk at 1 

lA'Ti'l (Imde on Trt'ndmill at 3 M.P.TI. 

Minute ventilation 

39.75 Ia. 


OxjTicn ventilation equlvnletil 32.30 1.^ 


Byajmea index 

.40 


Byapnoft = + 



Ilj^ierpnen = + 



Gas Tensions, 'nef^tlnt: 




PO, 

PCO, 

Arterinl blood 

81 mm. 

30 mm, marcurv 

Alveolar ulr 

70 mm. 

40 mm. 

Alveolar nir (calculated) 

91 mm. 


Ons Tensions, Exercise* 




PO, 

PCO, 

Arterinl blood 

01 mm. 

44 mm. 

Alveolar air (calculated) 

93 nim. 


Hemoplnbin Katumtlon* = 

93%. 


•Lrvel walk at 3.6 m.p.h. 



BEnpiEATORv Stuhiks, Junh 25, 1947, Jni.Y fl, 1947, ako Jrr.r 9, 1947, 

PoBrnnconriCATioN 


Determined 

Predicted 

Maximum Breathlnp Capacity 

80 L/m 

151 L/m 

LunK Volume, Itecumbcnt 



Totnl volume 

3.11 

5.16 

Vital capacity 

2,14 

3.89 

hlid capacity 

1.17 

1.04 

Beservo air 

0,18 

0.08 

Besldonl air 

0.07 (.11%) 

1J20 

Bronchosplromotry 

Jtiflht Lunp 

T^eft Lfing 

Minutn ventDatlon 

100% 


Oxygon consumption 

100% 


. CO, output 

100% 


Vital capacity 

100% 
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A decortication was done on May 18, 1947, for tlie purpose of obliterating the remaining 
empyema space. At that time it was discovered that the lower lobe was not only completely 
collapsed but contained numerous tuberculous nodules. The cortical peel was therefore only 
partially removed. This was followed by obliteration of the residual pleural space 



Pis. I (Case 6).—K. W. 1, showing- extent of pulmonarj’ disease In 1®^- K. 

pneumothorax. K. W. lA, showing pneumothorax, left lung unexpandaWe, fluid 
W, 2, showing thoracoplasty left, with residual pleural space. K. W. SA, showing 
obliteration of pleural space following decortication. 


Comment. — An nnexpandable and functionless left lung was noted following 
pneumothorax treatment complicated by tuberculous empyema. The combination 
of thoracoplasty and decortication, though not resulting in functional impiwe 
ment, has solved this problem without resorting to Scliede opei’ation. 


Case 7.— P. E. was a white man, aged 33 years. 

Past History .—Tlie patient had infantile paralysis at 5 or 6 years of age and there i ^ 
residual flaccid deformity of the right shoulder and upper extremity. In 1930 there 
midthoracic spine fusion for a nontuberculous condition. 

Present History .—Onset of pulmonary tuberculosis was discovered by x-ray 
in September, 1946, and pneumothorax was instituted on the right in May, 1947. 
sion in June, 1947, there was an irregular collapse but the sputum was reported 
the established treatment was continued. In October, 1947, ploural fluid forme n 
abandonmont of the pneumothorax it was observed that the lung would not re-expan 
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Eespiratohy Stcwes, May 26, 1948, Postdecorticatioy 


Deiermined 


Maximum Breathing Capacity 39 L/m 

Lung Volume, Becumbent Determined 

Total volume 2.52 

Vital capacity 1.54 

Mid capacity 1.36 

Eeservo air 0.38 

Besidual air 0.98 (39%) 


Lmig Ventilation Efficiency 

5 times F.B.A. = 72% (normal = 85% or more) 


Bronchospiromctry Eight Lung 

Minute ventilation 18% 

Oxygen consumption 12% 

COj output 9% 

Vital capacity 10% 


Alveolar-Arterial Gradient (at rest) 

CO, content , 52.06 vol. % 

O- content 17.86 vol. % pCO, 

O; capacitj’ 19.64 vol. % pO. 

HbOj saturation 90.9% _ pH 


Fredicted 
107 L/ra 
Predicted 
4.84 
3.88 
1.75 
0.79 
0.96 


Left Lung 
82% 
88 % 
91% 
90% 


43 mm. 

72 mm. 
7.42 mm. 


decorticated. The two lower loljcs distended when pre.ssure was applied to Uic anesthetic hag 
but for some reason the color remained slate blue instead of beconung pink. The postop¬ 
erative course was uneventful. 


Comment .—This vas the earliest decortication in point of time. In uni t e 
establishment of pneumothorax and development of pleural complications t lere 
tvere just seven months. The operation was easy to do and tlie peel shove 
tubercle formation. There was a virtually nonfunctioning lung which sieve 
slight gain in function four montlis postdecortication ititli sati-sfactoiy 
tion of tile pleural space. A prelrmiuari'' thoracoplasty was done to a\oi e 
risk of reactivation of recently collapsed active disease in the lung. 


Case 8.—J. Sc. was a wliite man, aged 47 years, the onset of whose present il ^ ‘ 
to an attack of pleurisy with effusion in 1920. There was a seventeen-day perio o my 
ization during which time one chest aspiration was done. Belief was obtained ant a 
charge the patient was advised to “go to the country” to rest. This nas ^ 

months, after which he returned to the city and was perfectly well thereafter, a 
hemorrhoidectomy was done because of bleeding and there was a five-day hospita s ay. 
months later his physician told the patient that the removed tissue was reported as ^ 

and the patient was advised to attend a chest clinic. This he did but nas told 
examination of the chest to “take things easy.” In Maj', 1942, he entered a 
roentgenograms were again taken of the chest and after ten days he was trnns 
where. There was some cough, expectoration, and fever. After three montlis le 
charged. The patient worked full time as a shirt presser until 1947 when increasmg^^ 
cough, and expectoration made him seek medical care. He was then advise o 
atorium care. At admission there was evidence of a calcified pleura, air and flm 
pleural space, and a small antrum in the summit of the left lung. Tuberc ous ^ 

was proved as well as an intermittent bronchopleural fistula and a positive sp 
bronchoscopic examination showed no abnormalities. 

Operation .—Decortication was carried out on April 24, 1948. This operation 
difficult than any of the others. Only small areas could be peeled free ns 
plncques in other cases. There were multiple tiny fistulous leaks and the xm crsi 
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fno*- ® (Cnj6 8).—J. Sc. 1 and lA, film ehowlnc marked Ihickenlnc on botn pleural aur- 
and calcium preaont J. Sa * and tA , bronchopnim Bhcrrrinff relatlTel>- 
Pattern throuchout moat of lunp except a *maU portion of upper lobe. J. Sc. 
■nov^p almoBt complete obliteration of plaurul apace following decortication. “S’* 
ime ifl not the limiting maxgln of pleural ipace. 
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Eespiratouy Studies, M^vrch 24, 1948 



Determined 

Predicted 

Maximum Breathing Capacity 

55 L/m 

105 L/m 

Lung A’'olume, Eecumbent 

Determined 

Predicted 

Total volume 

2.74 

4.54 

Vital capacity 

1.53 

3.64 

Mid capacity' 

1.43 

1.65 

Ecserve air 

0.22 

0.75 

Eesidual air 

1.21 (44%,) 

0.90 

Lung Ventilation Etflciency 



5 times F.E.A. = 59% (normal = 85% or more) 


Bronehospirometry 

Ditjht Lung 

Left Lung 

Minute ventilation 

18% 

82% 

Oxj’gcn consumption 

11%, 

89% 

CO; output 

9% 

91%, 

Vital capacity 

15% 

85% 

Arterial Blood Gases (at rest) 



CO. content 

50.06 vol. %, 


0. content 

17.18 vol. %. 


0; capacity 

18.72 vol. %, 


HbO. saturation 

91.8%, 


Arterial Blood Ga.sQS During Exercise* 


CO; content 

47.81 vol. % 


0, content 

15.85 vol. % 


0. capacity 

19.69 vol. % 


HbO; saturation 

80.5%, 


Metabolic and Eespiratory Eesponse to Excrciset 


Minute ventUation 

37.9 L. 


Oxygen consumption 

1.29 L. 


CO; output 

1.13 L. 


Oxygen ventilation equivalent 
Dvspnea index = .69 

= 29.4 L. 

142/m 

Pulse rate (at height of o.xercise) 

Pulse rate (after 10 minutes of recovery) 

90/ni 

Eespiratory rate (at height of exercise) 

Eespiratory rate (at end of 10 minute recovery) 

42/m 

25/m _ 


6 % 
minutes. 


*4'/c gi-ade at 3 m.p.li. the 

tThe patient was walked at a level, 4'/r and 6% pradcs at 3 miles Iiou . 
prade, he walked for six minutes and expired air was collected during tne n 

Mf OO 


of the peel had a strawberry-like appearance. When the lung had been peeled free an 
sure was applied to the anesthetic bag, inflation occurred and the lung took on a pm 
but there was some scarring and dimpling. f the 

Postoperatively there was evidence of expansion but incomplete 
pleural space. It is too early in the postoperative period to predict the ultimate 
The plan is to repeat the respiratorj’ studies in tliis case at a later date when re exp 
may be complete or no further change noted. 


Comment .—This is the oldest case in point of time elapsed (26 team 
the onset of pleural disease. There was little to suggest tlie extent of pu 
involvement and in addition the pleura was calcified and intermittent y R 
chopleural fistula was demonstrated clinically though not seen at opera 
outcome must be awaited.* It was sho\vn that though difficult of pel 


the operation could be done. 


•ResPiratoO' studies six months postdecortication sliowetl lipmtw 
rly noted in a good HbO= saturation after exercises (93.1 per cenc;. 


tlcularly 


functional improvement par* 
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Case 0. — H. T. n naw'nlinii-Jnpaiimc phj**Icln«, 30 years of nj^o, whoso pulmonary 
tuljorculosis was discovcrtNl during hospital rosldciioy elAOwliorc in the winter of 1045, and 
pneumothorax wjis instltute<I in PceoinlK^r, 1045. This was coinplIratcHl by the formation of 
fluid in May, 1040, associated with fever. Kmpyema developed and was trcato<l conservatively 
by aspiration and irrigation. Thoro was nmrkod **plenml thichenlnp" so that a 2% inch 
needle had to IfO put In all the wny for removnl of fluid. With more frequent plenral Ia^'ag© 
and instillation of Inrj;^’ amounts of p*>niri]lin fhoro wns ultimate complete re-expansion of 
the lunp. Function is virtimlly rc^stonni ns noted rliiiimlly Iiy normal breath sounds and 
pood mm'emont In Inspiration and rlojnlinp or emptylnp on expiration. 




10 (Case 9).—R. T. i and lA, Showing marked thickening on both pleural »ur- 
uncxpandable. R. T. S and 2A, lung re-expanded to nornml slie. Oot^ function 
“y ®*PtratJon showing satisfactory omptjing of loft lung and complete resolution of 
•"ui pleural peels. 

Note .—This case was not treated by decortication. 


Comment .—Tlio patient bad a small amount of lung involvement resulting 
m severe loss of function by tbe empyema complication and markedly tliickened 
P<»1-’’ Bcsolution of tbe peel and return to function of tlie lung occurred 
'vithont decortication. Tills suggests tliat -n-iUi a good ■ underlying lung tlio 
prospMt of re-oxpousion and letnm to good function is excellent even wlion 
decortication is not carried out. 
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CONCLUSIONS 

Decortication suggests itself for the following conditions at the present 
time: (1) longstanding inexpansible pneumothorax; (2) persisting hydro- or 
pyopneiunothorax which fails to respond to other measures; (3) re-expansion 
of a eontraselective collapse of health3'' lung; (4) instead of a Schede operation 
in pleurocutaneous fistula with residual pleural space (possibly in the presence 
of a bronchopleural fistula also). 

Thus far the material studied indicates that empyema is not a deterrent in 
performing the operation and obtaining primaiy wound healing. 

As much improvement in function need not follow decortication in tuber¬ 
culosis as is seen in uncomplicated eases of hemothorax or pyothorax. There is 
some suggestion that decreased arterial oxj'gen saturation might i-esult. 

It is suggested that a carefull^’^ planned study both before and after opera¬ 
tion, as well as a long-term follow-up, be undertaken before the place for decorti¬ 
cation in tuberculosis is established in our armamentarimn. 


REFERENCES 

1. Gurd, F. B.: Decorticatiou in Chronic Empj'ema of Tuberculous Origin, J. Thoracic 

SURO. 16; 587, 1947. 

2. Langston, H. T., and Tuttle, tV. M.; The PathologA* of Chronic Traumatic Hemo¬ 

thorax, .T. Thoracic Surg. 16: 99, 1947. 

3. Tuttle, W. M., Langston, H. T., and Cromley, R. T.: The Treatment of Or^nizmg 

Hemothorax by Pulmonary Decortication, J. Thoracic Surg. 16: 117, 194(_. 

4. Samson, P. C., and Burford, T. H.: Total Pulmonary Decortication, Its Evolution ano 

Present Concepts of Indications and Operative Technique, J. Thoracic Surg. 16. 
127, 1947. 

5. Mulvihill, D. A.: Discussion of Gurd,i p. 597. 

6. Curreri, A. E., and Gale, .1. W.: Decortication in the Treatment of Chronic Empyema, 

Arch. Surg. 66: 486, 1947. 

7. Lam, C. B,: Decortication of the Lung in the Treatment of Tuberculous Empyema, 

Arch. Surg. 66; 1, 1948. 

8. Vorwald, A. J.; Personal communication. 

9. Bruns, O.: Quoted bj' Gardner, lo and Pinner.n , ■ 

10. Gardner, L. IT.: The Pathology of Artificial Pneumothorax in Pulmonary Tubercuiosi., 

Am. Rev. Tubevc. 10: 501, 1925. . . ^ i i 

11. Pinner, M.: in Alexander, .1.: The Collapse of Pulmonary Tuberculosis, Springn , 

Ill., 1937, Charles C Thomas, chap, rv, Pathologv of Pulmonary Collapse, p. . 

12. Wright, G. W., Tee, L. B., Filley, G. F., and Strn'nahan, A.: Physiologic Obsena- 

tions Concerning Decortication of the Lung, J. Thoracic Surg. 18: 372, lull. 


{See clisotission on yage S85.') 



DECORTICATION OP THE PNEXI’ANDED TITBEROPEOUS LUNO 
I''OJAA)\VlN(i PNEliJIOTHORAX 


.JOShH'II A. WKIN-nEltd, ll.l)., ANI> (llY INVITATION) .1. DWIOIIT DaVIS, JI.D. 

Van Xrvs, Camp. 

T WO yonrs ago Gunl' preaontcil lioforc Ibis association a report on tlic suc¬ 
cessful outcome of three oiicrations of (lecorlication in tiiliereulous empyema. 
Tliis was of momcntnu.s imiKirtance since it lind been prcvioasly considered that 
tnlicrenlosis was one of the definite eontiniiidientions to decortiention in pleural 
emp.vema. At tlie same meeting JIulvihill,’ in discussing Curd’s presentation, 
rc))orted the successful decortication of a iionpx|)nnding tuberculous lung fol¬ 
lowing theiTipcutic imcumothoniN, During the past eight months wo have per- 
fonneil the operation on seven patients with this latter typo of disease, and it 
is these eases which we now wish to discuss. 

Tuberculous emp.vema and unexpanded tubcrenloim lung following pneumo¬ 
thorax do not differ greatly in the nature of the pntliologj’ and in the progiession 
of the disease. In some cases it is possible to different into the two clinicall.v 
only b.v the content of the pleural space, and oftentimes there is lack of agree¬ 
ment on this basis. Iti general, the Iluid is thinner in “unexpanded lung” and 
the pleural space may fretpictitly become obliterated by properly directed 
therapy; but as long as the space iieimst.s, there is the tliroat of eouvereion to 
an empyema which will require drainage or other surgical therapy.'- ‘ Even 
though the space is eventually obliterated, it is hugely through shifting of the 
mediastinal structures, elevation of the diaphragm and narrowing of the inter- 
eostal spaces, and very little through expansion of the homolntcral liuig. 

Thus, in mo.st cases of long-standing unexpanded lung, the patient is 
threatened with serious possibilities, the formation of a tuberculous empyema 
or the impairment of the functions of respiration and cireulation incident to 
the extreme shifting of the mcdiastinnl structures. It is for these reasons that 
decortication is desirable if it can be accomplished with safet.v. 

VTiat are tlio possible objections to decorticationt The greatest concern 
is that the tuberculous disease will he activated by the trauma of operation and 
the too early expan.siou of the diseased lung. In none of our cases has activation 
or spread of tulierculosLs occurred following operation. Streptomycin, whieli 
18 given during the surgical period, may well be the i-esponsible factor. One 
gram is given daily in divided doses for not lc.ss than five days preceding surgerj' 
and for not less than ten days follosving surgciy. Studies with the use of strep¬ 
tomycin in other types of surgery in pulmonary tuberculosis indicate that a 
do.sage of 1 Qm. daily is adequate for lu-ophylaxis against spread during the 
surgical period. 

Dcpnrlmentu of Thorticlc SuiTrorj* and Thoracic aictUclno. Blmilnpham Vetemna 
A.imlnUtraUon HoapltaU Van Nu>‘a, CoUf. 

the pennlaalon of the Chief Mwllcnl Director, Department of Medicine and 
cnrJvii.VtL ' *t/Tana AdinInlalratJon. who niiauinoa no reaiKjnaJblUly for the opinion exprewed or 
^nciujion* dmwn by the author. 

tho Twonty-KIclith Annual Meotlnp of Thn Anierlcnn AV«»ocEatlon for Tliomolo 
'nrorj. qiH-bec, Canada. May 31, Juno 1, 2. 1918. 
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A sufficient number of cases of decortication in tuberculous empyema has 
now been reported to prove that the operation may be performed safely.*’" 
The main questions to be answered now are, “In which cases should the opera¬ 
tion be peiTormed?” and “How frequently will the surgeon be thwarted when, 
decortication is attempted?” Several thoracic surgeons®’’’® have sounded 
notes of warning that one should exercise considerable caution in recommending 
the procedure in tuberculous empyema. They have particularly emphasized 
tlie danger of permitting the underljdng diseased lung to re-expand. Our ex- 
penence does not support tins apprehension. The compression of the under- 
Ijdng puhnonary tissue by encasement of the lung in a tuberculous membrane 
is hardly an effective means of healing a tuberculous lesion. The compression 
should be performed selectively according to plan. One has only to examine 
the greatly tliickened and indurated membrane, particularly at the apex, to. 
realize the futility of attempts at selective compression b)' thoracoplasty or 
other means as long as the membrane is present. We consider it more logical 
to remove the tuberculous membrane, permit the lung to expand if it will do so, 
and later peiTorm the indicated compi'ession therapy in a purposeful manner. 
Thoraeoplast}’’ has been performed after decortication in two of our cases, and 
is contemplated in another. 

With regard to the technical feature.s, all of our cases have been opei’ated 
upon through an intercostal incision Arfthout resection or division of a rib. 
This means of entering the thorax and obtaining tvide exposure is possible even 
though the ribs overlap each other. This is contrary to the general impression 
that it is necessary to resect a number of ribs in order to obtain sufficient e-x- 
posure. The fifth interspace is usually selected, but satisfactory exposure has 


also been obtained through the fourth and sixth intei'spaces. 

It has been possible to remove all or almost all of the diseased membi’ane 
in the cases operated upon thus far (Fig. 1). Oddly enough, it appeal’s t a 
decortication is easier if the parietal membrane is included in the resection- 
As soon as the parietal pleura is exposed, it is separated from the thoracic wa 
over the distance of two or three ribs. The retractor blades are then separa e 
widely, the sac is opened to permit evacuation of its contents and the separation 
of the parietal layer is continued in all directions. As the dissection 
from the parietal to the visceral sru’face, one finds a plane of separation at 
thickened ring which marks the junction between the parietal and visce ^ 
membranes (Fig. 2). In our earliest operations, this feature was not 
and separation of the visceral pleura was accomplished with difficulty. mi,pj-e 
later eases, it was possible to remove the entire membrane in a single cast, 
are other important reasons for including the parietal membrane in the resec^ 
Its removal from the costal, diaphragmatic, and other surfaces wine 
involved, as well as from the visceral surface, will help to restore e 
of the released lung by permitting increased excursions of the t 
and diaphragm. Furthermore, a source of toxic absorption is t us re _ ^ 
We are also of the opinion that sinus formations in the thoracic wa 
incomplete removal as the result of extension of infection from t e i 
membrane. Primaiy healing followed operation in aU of our cases. 
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''Ib. 1.—The flnt aUeo of the rlocorticotlon. The memlironf has been teparatod from the 

Ihorticlc wnU. 
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Escape of air due to tears into the pulmonaiy tissue has occurred in all 
except the latest operation. The lacerations have varied from single areas a 
few millimeters in length to multiple areas several centimeters in length. Small, 
rents are closed udth interrupted No. 60 cotton sutures. Larger rents are sealed 
by suturing pieces of Fibrin Foam over the openings with internipted hue 
eotton sutures (Fig. 3). This phase of technique is stressed because gross leak¬ 
ages may interfere with postoperative pulmonary expansion. In one case, 
failure to appreciate the importance of .sealing pulmonary lacerations resulted 
in failure of the lung to remain expanded after operation. The surgical wound 



Fig. 3.—Method of sealing tears In the lung to prevent escape of air. A piece of Fibrin Foam 
sutured over the opening with internipted fine cotton sutures. 


■was reopened after nine days and a rent in the tdsceral pleura was discot eie • 
This -was sealed tvith Fibrin Foam and the patient went on to satisfaetoi} 
covery -with complete expansion of the lung. The use of Fibrin Foam has e 
mentioned previously by Sanger.^® , 

A prelimmary report on the first five cases operated upon has been 
lished elsetvhere.® Of these, two cases were classified as undrained tubeici 
empyema, two as threatened empyema, and one as tending toward o) i ei 
of tlie pleural space ■\\dth shifting of the mediastinum. Of the latest 
both are classified as threatened empyema. The underlying pulmonar;i ^ents 
culosis varied ui degree from moderate to far advanced. The ages of the pa 
ranged from 23 years to 37 years. TJie average time between definite 
of the lung followdng pneumothorax and operation ivas six montlis, t le s lo 
period by x-ray e^ddence being three months, and the longest nine mon 
of the patients showed complete expansion of the lung within four 
weeks! The postoperative convalescence was remarkably smooth consi en p 
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disease dealt mth. and tlie magnitude of the operation. j\Iicroscopie examiaation 
of sections of the membranes showed the presence of areas of caseation and 
epithelial tubercles with Langhans-tjiie giant cells in aU except the sixth case 
(Figs. 4 and 5). 

The recent successes with decortication encourage one to believe that this 
method of treatment which restores the function of the lung and retains the 
integrity of the thoracic wall -will largely replace the mutilating operations of 
the past. None of the patients included in tliis report has been observed longer 
than eight montlis, and further observations are neee.s.sary to evaluate the long 
term results. However, it can be stated that there has been no demonstrable 
spread of tuberculosis in the early period following surgery. 


CASE REPORTS 

Case 6.—J. L., aged 32 years, was started on pneumotliorax treatment elsewhere on 
Feb. 11, 194G, for treatment of a cavity in the right upper lobe. On admission to Birmingham 
Veterans Administration Hospital, March 30, 1940, x-ray examination showed the right lung 
contracted to about one-half normal size and a fluid level above the dome of the diaphragm. 
A twenty-four-hour sputum concentrate was positive for Mycnhacterium tuhcrculosis m 
October, 1946. 

A tliick membrane had formed bj- November, 1947, and pneumothorax was discontinunl. 
In March, 1948, it was estimated that the lung had been immobile for eight montlis. 

The patient was started on streptomycin on April 1, 1948, preparatory to decortication. 
An episode of upper respiratory infection made it advisable to postpone surgery until April 
26, 1948. 

Operation was performed under nitrous oxide and ether endotracheal anesthesia. The 
patient was placed in position with the diseased side (right) uppermost. An incision ims 
made in the fifth interspace from the midclavicular line to the paravertebral line, extending 
down to but not through the parietal pleural membrane. The rib spreader was inserted an 
the ribs -were spread a distance of about 3 cm. Tlie spreader was removed, and the parieta 
membrane was separated from the thoracic wall for a distance of several centimeters on eac i 
side of the incision. The spreader was reinserted and the ribs were spread widely. A long 
incision was then made in the membrane and the fluid in the sac was evacuated. Tlie sep 
aration of the parietal membrane was then continued in all directions. A single large vesse 
between the apical pleura and the thoracic wall was divided and ligated. The dissection wa. 
continued onto the visceral surface by developing a plane of separation at the t uc 
junction of parietal and visceral membranes. Removal of the membrane was accoraphs 
almost entirely by blimt dissection. Several small areas of exposed parenchjma were P 
lized with No. 60 cotton sutures. One large uncovered area was sealed by suturing ' 
Foam over the bubbling surface. The lung was folded on itself in several areas an 
folds were released by dividing the restricting fibrous bands. Separation 
from the diaphragpn required sharp dissection in most areas. The diaphragm was pe 
during the separation and the opening was sutured with interrupted No. 40 cotton su 
The entire membrane was removed in one piece. The lung was inflated at in 
twenty minutes or leas after its exposure. Expansion was complete at the time o 
of the incision in the thoracic wall. Numerous bleeding points on the thoracic wa ^ 
coagulated electrically. One thousand cubic centimeters of blood were given during 

tion. feriorly; 

Water-sealed thoracic catheter drains were placed in the tliird interspace a^^ 

and in the sixth inter.space laterally. The thoracic wall was then closed wit i 
for the intercostal muscles and parietal pleura, continuous No. 0 catgut su ur 
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cxtrncostal muwlo^, and continoouH cotton snturca for tlio akin. Before rloning the thoracic 
wnll, 200,000 units of iwnlclllin and 1 Qra. of ntrcptom^xln in 10 c.c. of normal saline solu¬ 
tion wore instilled into the plouml envitr. 

Ihiring the first twenty-four hours postopcmtivciy, J,000 c-c. of scrosnnguineous fluid 
were rcDio\*od from the thomx through tiio intercostal catheters by means of continuous 
suction. Fire hundred cubic centimeters were remorcnl during the ne.xt twenty-four hours. 
The anterior catheter \niB remo\-eil on the fourth day and tho Intcml catheter ^ms removed 
on the fiflli day. The lung gradually c?cpnnded nnd fillctl the left hemothonu: on the twenty- 
ninth day. The (cni|K?mture renchetl a maximum of 102* F. on the second jKistoporntivc day 
and returned to normal on the* sixth day tFig. 0). 



d*v« ® (Case 0)-—Upper left Inhalation fllm and upper rteht exhalation Him taken six 
TSr^r. aecorllcatlon. Correspondlnc lower fllme taken twenty-two days after operation. 

Incomplete at tho time these postopomtive tUnu were made, but was complete 
iwenty-nine days after operaUon, 

The capacity of the removed mcmbmnotiB sac wn* 700 c.c. The parietal membrane 
from 1 to 1,5 cm. in thickncaa. The visceral membrane was consistently about 2 
ttm, in thickness, Tho lining of the entire sao was moderately rough. Bectious of the mem- 
rane examined microscopically sliowed fibrosis Avitliout evidence of specific tuberculous 
lesioiii. 

Cabe 7.—,T. ^ 37 of nge. A diagnosis of tuborculosis with active 

wise in the loft apical region mis made in November, 1940. Cavitation was demonstrated 
Mvoial months later. Tlie sputum iras ropontetlly positive for Ifi/colifrofmum tulercuJosis. 
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disease dealt with and the magnitude of the operation, hlicroseopic examination 
of sections of the membranes showed tlie presence of areas of caseation and 
epithelial tubercles with Langhans-type giant cells in all except the sixth case 
(Figs. 4 and 5). 

The recent successes with decortication encourage one to believe that this 
method of treatment which restores the function of the lung and retains the 
integrity of the thoracic wall will lai'gely replace tlie mutilating operations of 
the past. None of the patients included in this report has been observed longer 
tlian eight months, and further observations are necessaiy to evaluate tlie long 
tenn results. However, it can be stated that there has been no demonstrahle 
spread of tuberculosis in the early period follounng surgery. 


CASE REPORT.S 

Case G.—J. L., aged 32 years, was started on pneumothorax treatment elsewhere on 
Feb. 11, 1946, for treatment of a cavitj- in the right upper lobe. On admission to Birminglmm 
Veterans Administration Hospital, March 30, 194C, x-raj- examination showed the right lung 
contracted to about one-half normal size and a fluid level above the dome of the dinphmgui. 
A twenty-four-hour sputum concentrate was positive for Mycoliacierixm ixiherculom in 
October, 1940. 

A thick membrane had formed by November, 1947, and pneumothorax was discontinueil. 
In March, 1948, it was estimated that the luug hud been immobile for eight months. 

The patient was started on streptomycin on April 1, 1948, preparatory to decortication. 
An episode of upper respiratory infection made it advisable to postpone surgery until April 
26, 1948. 

Operation was performed under nitrous oxide and ether endotracheal anesthesia. Ths 
patient was placed in position with the diseased side (right) uppermost. An incision was 
made in the fifth interspace from the midclavicular line to the paravertebral line, exten mg 
down to but not through the parietal pleural membrane. The rib spreader was inserted an 
the ribs were spread a distance of about 3 cm. The spreader was removed and the pane a 
membrane was separated from the thoracic wall for a distance of several centimeters on mc 
side of the incision. The spreader was reinserted and the ribs were spread widely. ® & 
incision was then made in the membrane and the fluid in the sac was evacuated. T le s^^^ 
aration of the parietal membrane was then continued in all directions. A single large 
between the apical pleura and the tlioracic wall was divided and ligated. The 
continued onto the visceral surface by developing a plane of separation at the t 
junction of parietal and visceral membranes. Removal of the membrane vas 
almost entirely by blunt dissection. Several small areas of exposed parenchjTiia were 
lized wth No. 60 cotton sutures. One large uncovered area was sealed by suturmg 
Foam over the bubbling surface. The lung was folded on itself in several areas 
folds were released bj- dividing the restricting fibrous bands. Separation of the m 
from the diaphragm required sharp dissection in most areas. The diaphragm was 
during the separation and the opening was sutured with interrupted No. 40 co on 
The entire membrane was removed in one piece. The lung was inflated at m^er 
twenty minutes or leas after its exposure. Expansion was complete at the time 
of the incision in the thoracic wall. Numerous bleeding points on the t opera- 

coagulated electrically. One thousand cubic centimeters of blood were given nrm 

"Water-sealed thoracic catheter drains were placed in tlie third cotton 

and in the sixth interspace laterally. The thoracic wall ^yns then closed m (he 

for the intercostal muscles and parietal pleura, continuous No. 0 ca gu 
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Five hundred cubic centtiiiotorx of heromnpiineout* fluid wore reni<)vo<l by ►urtion duriiiR 
the fir>t twenty-four houn*. The nnterior tulk* wnn removed on the third cbiy. X-niy films 
sliowed the lung to l>o completely ex^mnded on the fourth poelopcmtive duy find tJio Intcml 
tube was romovcnl nt that tlnn*. The li^injtemture remohieil nornml nftcr the seventh day, 
and tho patient has fell well since then. Thomeoplnsty wnn added on May 20, twenty dal’s 
after decortlcntion. Btreptomycin is beinp eontlnucfl for the treatment of tho tuberculous 
enteritis. 

Tho sac contalneil seiTml hundroil cubic centimeters of thin, allchtly turbid fluid. 
Tiw jiarietal raembmno vnriiHl in thlekneaa from 5 mni. or less over the roslnl nnd din- 
phmfjratitie surfaces, to I cm. at the ajK'.x of the luic. Tho visceral Inver vms 2 to 3 mm. in 
Ihirkness nnd was lined with Irretpilnr jmlclien of flbrlnofibnius tissue. Slirrowoplc exnm- 
Inatlon of scrtiniia of the nienihmno showed numerous itrens of cusention nnd epithelioid 
tubercle* with Lanplmns-typc Rlaut rells. 
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PHYSIOLOGIC OBSERVATIONS CONCERNING DECORTICATION 

OF THE LUNG 


George W. Wright, M.D., Saranac Lake, N. Y., Lester B. Yee, M.D., 
SuNjiouNT, N. Y., Giles F. Filley, M.D., SjVranac Lake, N. Y., and 
Allan Stranahan, M.D., Albany, N. Y. (by invitation) 


T he feasibility and effectiveness of decortication as it relates to oblitera¬ 
tion of an nndesired pleural space has been demonstrated, but the effect 
of decortication upon pulmonary and circulatoi*y function remains to be ex¬ 
plored. In this paper, the data obtained from a study of three cases of de¬ 
cortication are presented and discussed, in part because the subject is timely, 
but also to indicate the need for more extensive studies of the physiologic 
aspect of pulmonary decortication. Of these three cases, one is repre.senta- 
tive of chronic traumatic hemothorax, another is an example of chronic 
tuberculous empyema, pneumothorax, and rmexpandable lung, and the third is 
a case of spontaneous hemopneumothorax that persisted •with a febrile re¬ 
action but sterile pleural fluid. The first t'wo eases -were studied before and 
after decortication, -whereas the third was observed only after the operation. 


Case 1.—Chronic traumatic hemothorax. A 22-yenr-old white man was admitted to the 
Veterans Administration Hospital at Sunmount, N. Y., on Dec. 8, 1947, ■with a history of 
having been stabbed a few hours previously, as evidenced by a puncture wound four inches 
to the right of the tenth dorsal spine. Boentgenograms at the tune of admission revealed 
the presence of fluid in the lower third of the right hemithorax. A film on December 13 
showed complete disappearance of the chest fluid but on December 17 (nine days after ad 
mission), fever began to develop.and roentgenograms on that date showed a recurrence of tic 
fluid in the right hemithorax. A specimen of the pleural fluid at this time was bloody but 
negative for bacteria by smear and culture. Chest fluid obtained at a later date did, hou 
ever, contain a pure culture of Siaiiliylococcits aureus. The patient w’as treated by intermit 
tent removal of fluid from the chest and administration of penicillin. In spite of this ^ 
ment, the fever persisted, at times being as high as 102° F., and attempts to tap the c 
became unproductive (Pig. 1, A). Decortication of the right lung was performed by 
Warriner Woodruff on Jan. 22, 1948 (forty-five days after the injury), the right 
being entered after removing the fifth and a small portion of the fourth and sixth ribs, 
pleural space was found to contain clotted and Inked blood and there was a white, 
peel about 5 mm. thick overlying the pleura. This peel was removed from the lung by 
and sharp dissection and a fibrous layer was removed from the diaphragm. No at emp 
made to remove the membrane from the parietal pleura. Under positive pressure, i 
was well expanded and closure made in the usual fashion vdth drain. Recovery was 
imeventful. Fluoroscopy one month after decortication showed that the diaphragm 
wall on the right moved in an almost normal manner (Pig. 1, B and C). 

Case 2.—Clironic tuberculous empyema, pneumothorax, and 
39-yern-old white man was admitted to the Veterans Administration Hospital ‘ "''g 
N. Y., in the fall of 1942 with a diagnosis of extensive bilateral tuberculosis ( > 

--^B V Lfc 

Prom the "Veterans Administration Hospital at Sunmount. N. T., and t e 
Foundation. Saranac Lake. N. Y. , Association. 

This investigation was aided by a grant from the NaUonal Tubercuios Thoracic 

Read at the Twenty-Eighth Annual Meeting of The American Assoc a o 
Surgeoh Quebec. Canada. May 31. June 1. 2. 1948. 
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Left pneumothorax was begun in November, 1942, and was abandoned uneventfully in March, 
1945. A right pneumothorax was begun in Februarj-, 1943. Empyema uith tubercle bacilli 
in the pleural fluid was noted as early as February, 1944. The empyema persisted, the fluid 
being negative for all organisms except the tubercle bacillus. The lung could not be re- 
expanded beyond an estimated one-quarter of its volume in spite of the use of high negative 
intrapleural pressures which were associated with discomfort (Fig. 2, B). Bronchopleural 
fistula was not suspected or demonstrated at anj- time. On June 12, 1947, Dr. Edward Welles 
decorticated the right lung. The hemithorax was entered after removal of the fifth rib and 
tbe lung was found to be encased beneath a thick, leathery, yellowish-white fibrous covering, 
which when incised was found to be approximately 0 mm. tMck. The peel was removed, in 


A. 


B. 



C. 


D. 


Fig-. 2 (Case 2).- 
’• eh 


B Immediately before decortication; 
ca’tlon, full expiration. 


-Chronic tuberculous empyema. A, Before after decortl- 


cuious empyeiim. „ 

O, after decortication, full inspiration . 
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Mrao place* by blunt (3i**cctlon, but in othemj by nlinrp il}*fiootIon, from tlic entire lung except 
for it* diQphmgmatic surface. The pnriotnl ploam a!*o nm* nolwl to l>e covered by a dense 
fibrous slioet vrhich was not romovcilr nor was the membrane removed from the diaphragm. 
Tho right lung was completely ro-cxpnndetl by positive pressure in spite of numerous area* 
of moderate air leakage from its surface. Prior to expansion, Dr. Welle* palpated sovoml 
tulwrcle* in tho compressetl right upjKT lobe. Tiio tliomx clo*c<l with a drain in tho npiK*r 
anterior and also tho lower posterior tu«pect of the cIio*t wall. Recovery though dela^-cd wnn 
e**entially uneventful. Complete re-expansion of the lung and obliteration of the apace urn* 
finally obtained without furllier prixnHlures tKig. 2, C and J>). Fluoroscopy allow* tlint the 
rlglit hemldiaphmgni moves 1 cm. during quiet Iirenthing and 5 cm. during full inspimtlon 
and expiration. The loft hemidiaphragm movi** 3 cm. during quiet breathing and 0 era. during 
maximal brenlliing. Ilil) motion of tie* right is equal to one-half that of tho'left aide. These 
oliacrvutlona are eonfimie<l by a comjmriaun of film* taken on Inaplmtion and expiration. Tho 
paronchjTna of the right lung <looa not sh(»w normal fllling and emptying a* judged by change* 
In denaity. There la nbjcetlvc evidence of inodemtc trapping of nir in the right lung. 

Caar 3.—HiKintaneoua hemopnouniolhomx, coniplicntetl by emiiycnm (f). A Sl-yenr-old 
white man with no previou* history of relevant lUnosa, wa* suddenly *elted with n sharp 
pain in hi* right chest while sawing wochI. A few hount Inter he developthl moilemtely severe 
dyspnea even at rest. Two dn^** after this occurrt'nce, he cnlleil a physleinn wlio atmppe^l hi* 
cheat after finding evidence of a liyilp<»thonix, pneumothorax (t). He was admittetl to tlio 
General rTospltnl In Rnmnae Ijike on Fot». 13, 1048, at which time a roentgenogram revealed 
the preacnco of n hydropneumotluirnx (Fig. 3, .4). The eltcst fluid \niB sampletl and found to 
contain bloo<l. The imtlent’a clinical course in the liuapital was clmmcteriiMl by Idgh, variable 
fever from the time of admission until Mnrch 12, by winch time the febrile reaction Irnd sub- 
Although no organisms were m-or obtained! from the pleuml fluid, the reduction of 
fever occurring concomitant with tlie administration of penicillin strongly suggests that 
there was a bacterial infection of tho pleural space. There was no history or evidence 
of bronchopleural fistula and the pleural space was not drained. The etiology of tho 
hemopneuniotliorax I* unknown. The patient hod roentgenograms of the cheat which 
were Interpreteil to Ihj noniml In February, 11U7, and also in September, 1047. On March 
111, 1&48, Dr. ■\Varriner Woodruff deeorlicQlo<l tho right lung. The pleural space was 
entered after removal of the sixth rlli and its contents were found to consist of approximately 
li-fl L, of clotleil Idood. The lung was seen to I>« eontracted doim against tho mediastinum 
and the pleural surface was coverc^l with n smooth raembrnne, npproibnately 2 ram. thick. 
Till* covering was fairly solid Imt in places had tho consistency of wet blotter paper. It was 
peolPil from the lung with no difficulty, the operator eonimontlng that it separated from tho 
lung nl>out as the peel separate* froni a tangerine. The oliHquo fissure was frecnl as ^vns also, 
though to a lesser extent, tlie transverse fissure. Tlie diaphragm ^\^xs freed from tho lung and 
chest wall and a considerable amount of shaggy material nas removed from tho diaphragm. 
Tlif parietal pleura could not l>o freed without removal of underlying pleura, so it was not 
decnrticntetl. The lung ro*expftnde<l perfectly under positive pressure and the pleura ap- 
petvreil in all plncea to be normal. Tliero was no evidence of any parenchymal abnormality. 
Tlio cliost was closed and tho lung expanded In tlio customary fashion. CJonvnlescence was 
unewentful, the right lung completely filling tho right hemitliorox (Fig. 3, B and C). Flu¬ 
oroscopy forty days after the operation shows that during quiet breathing, the right hemi¬ 
diaphragm moves approximately half well os the left, tho motion being approximately 1 cm. 
on the right and 2 cm. on tlie left. During forced breathing, however, the right diaphragm 
^ove* in a more nearly normal fashion. Bib motion ieems to be equal but somewhat rc- 
riricted on both sides. Tlie loft lung appears to empty in n normal fashion but tho right 
ong doca not empty to the usual extent. This is confirmed by a comparison of insplratlon- 
‘>M>lmllon films. Bronchoscopy performed forty-five days after the operation revealed an 
^entially normal tmcheohronclual tree. The tracheal lumen was stated to be definitely sraalJ 
^ a man of this site and age. Nothing was found to help explain the unexpecte<l broncho- 
fpiromrtry data. 




Pig. 3 (Case 3).—Spontaneous hemopneumothomx. A, Immediately before decortication; B, after decortication, full inspiration; a. after decor¬ 
tication. full expiration. 
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iiCTnons 

Maximum Urcalhian Cajmciti/. —Miixiiiium brenthing onpncity, hereafter 
referreel to or MBO, wor inenRureit nccording to the methotl (lesorll)cd by 
irennnniiRcn.' The Bubjeet hyi)orvenlilntc<l voluntarily for thirty Rceonds 
through a high-veloeity valve into a DouglaH bag, the estimate being expressed 
in liters per ininute. The predicted value was obtained by the use of a pro¬ 
visional regression formula^ obtained in this laboratory from a statistical 
anab’sis of data gathered from a study of 250 normal healthy men. This 
formula is as follon-s; IIBC — 197.5 - (1.3G x age). The atandaid deviation of 
the mean from which this formula is derived is 25 L., therefore the normal 
range can bo cxpres,sed ns a predicted figura ± 50 L. Pulmonary Volumina: 
the subdivisions are as foliows: total volume = Autal capacity plas residual 
air, vital capacity = complementary air plus reserve air, mid capacity = that 
volume of air in the lungs at mid position of the thorax or at the end of a 
natural or .subeonscious expiration, coniplcnicntnry air = maximum volume 
that can be ItLspircd from the mid ))nsitiuu, reserve air = maximum volume 
that can be expired from the mid position, residual air = mid capacity minus 
reserve air. The Autal capacity was measured by a recording spirometer, the 
mid capacity by the method of Cournand and associates’ modified to correct 
for the point at whicii tlio subject is tumc<] into the open circuit. Ventila¬ 
tion efficiency was estimated by a method developed in this laboratory and ns 
yet unpublished. It is based on the principle of recovering nitrogen from 
the lung while pure oxygcti is breathed in an ojtcn circuit. A figure lower 
than 85 per cent is indicative of poor ventilation.* JironcJiospiromctry was 
carried out according to the method' utilising an open circuit for measurc- 
ment.s. Anesthesia was obtained by sparing use of 2 per cent Pontoeaine in 
the pharynx and Forrestier’s Solution in the larynx and trachea. Arterial 
blood samples were obtained at rest by means of a needle puncture of the 
brachial artery. Those 8ami)le8 taken during exercise were obtained by 
means of an indwelling arterial needle placed in the brachial artciy. All ex¬ 
ercise was performed on a motor-driven treadmill and blood samples and ex¬ 
pired air were obtained simultaneously after at least four minutes of exercise. 
Blood carbon dioxide and oxygen were determined by the method of Van 
Slyke and Neill.* All figures in these data have been corrected for physioally 
dissolved gases. Cnrl)on dioxide and oxygen tensions were measured directly 
by the method of Riley and co-workers.* The gradient between atterial blood 
and alveolar air (A-A gradient) was obtained by subtracting the determined 
arterial blood oxygen tensions from the calculated alveolar air oxygen ten¬ 
sions according to the method of Riley and associates.’ Metabolic responses 
during exercise were obtained on a motor-driven treadmill, samples of expired 
arr being collected during the fifth and sixth minutes of exercise, except in 
exercis e periods of shorter duration, when the expired air was collected in the 

CAM rofe™ tv dlstrUjutlvn and nilxini; ot 
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terminal minute of the exercise period. Oxygen and carbon dioxide content 
of expired air was measured by analysis ■with the Haldane apparatus. Minute 
ventilation, oxygen consumption, and carbon dioxide output were calculated 
from the exiiired air data and expressed in terms of the terminal minute. 

description and DISCUSSION OF DATA 

The extent to Avhicb the ]deural changes of chronic traumatic lieiuo- 
thorax reduced the pulmonary A'olumina and limited the degree to Avhich the 
right lung participates in the act of breathing is clearly demonstrated (Table 
I) liy the lung Amlume and hronchospirometry data of the preoperation study 
of Case 1. The fact that the right lung took up xiroportionately less oxygen 
than it should have, on the basis of its participation in the volume of respired 
air (15 per cent as compared to 30 ])er cent) is noteworthy. Since the arterial 
hemoglobin was normally saturated (Table 11), this disproportion indicates 
that pulmonary artery blood floiv was diminished to a greater extent thaiiAvas 
A^entilation* in the right lung. This is a nice illustration of the lu^ial ad¬ 
justment made by the pulmonarj'^ ai-terj’^ sj’’stem Avhenever its supporting lung 
tissue is reduced in Amlume or respiratory motion. Such a diminution of blood 
floAv prevents the arterial hypoxia that would otheiuvise develop if venous 
blood Avere permitted to traverse the nonventilated segments of lungs. A1-. 
though the mechanism of tliis arrangement is not clearly undei’Stood, it is un- 


Table I 




CASE 1 

- 

1 CASE 2 

CASES 

PREOP- 

EKATIOK 

postop¬ 

eration 

34 

DAYS 

POSTOP¬ 

ERATION 

240 

DAYS 

PREOP- 

eration 

postop- 
er'ation 
. 180 
days 

POSTOP- 

eration 

330 

DAYS 

POSTOP- 

eration 

40 

DAYS 

Maxivivm Breathing Capacity — 



1 





Determined in liters/min. 

68 

112 

130 

74 

70 

73 

116 

Predicted in liters/min. 

168* 

168 

168 

145 

145 

145 

169 

Fttlmonary Vohmina, Becum- 








tent —■ 




1 

1 



Total volume! 

2.45 

3.51 

3.85 

2.92 

3.77 

4.28 

4.64 

AUtal capacity 

1.94 

2.61 

2.94 

1.84 

2.32 

2.82 

3.30 

Mid capacity 

0.9S 

1.49 

1.46 

1.32 

1.64 

1.87 

2.07 

Reserve air 

0.47 

0.59 

0.55 

0.24 

0.19 

1 0.41' 

1 0.73 

Residual air 

0.51 

0.90 

0.91 

.1.08 

1.45 

1.46 

1.34 

A’'entilation efficiency % 




65 

69 

1 66 

_; 

B ranch asp tram etry —• 







20 

Minute volume: right lung 

30 

36 

48 

27 

32 

1 35 

left lung 

70 

64 

52 

73 

68 

1 65 


O.xygen intake: right lung 

15 

33 

45 

18 

25 

1 25 

1 

left lung 

85 - 

67 

55 

82 

75 

i 75 


Carbon dioxide right lung 

20 

34 

48 

15 

22 

27 

iu 

output: 




[ 



1 

left lung 

80 

66 

52 

85 

78 

73 


Vital capacitj-: right lung 

12 

38 

46 

1 34 

36 

40 


left lung 

88 1 

62 

54 

1 66 

64 

54 



‘Normal range = + 50 liters. 

All volumes are wet gas at 37° C. „ 

tPredIcted normal total volume for Case 1 = 4.34 liters. Case 2 = 5.14 liters. Case 
S.O liters. 


*The term "ventilation” throughout this text Is construed to Indicate 
aspect of moving air Into and out of the lung except ^hen clearly Indicated to mean 
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Tahle II 



CASK 1 

CASK 2 

CA8R 3 

rT.^X)^•• 

i:nAno.\ 

noKTor- 

Wt\TIOX 

34 

n.\YK 

I'OKTO!'* 

KnATlON' 

240 

riAvs 

VREOP- 

ratATiov 

pasTOP* 

ERATION 

ISO 

P.\Y8 

POKTOr- 

ERATIOK 

330 

DAYfl 


IllfyfHl Obtained Durinjf Itcst — 








CO, roiitont in 



43.75 

40.0 

49.7 


62.4 

0, content in vol. % 


19.75 

19.35 

17.70 

■EId] 


17.63 

0, cnimeity in vol. % 


21.00 

30.85 

18.00 

20.01 


18.42 

ironioglolim Mttunition % 


94 

93 

08 

87 


05.7 

CO, tension In nini. Ilg 



37 

47 

3H 


40 

0, tonfilon In nun. llg 



82 

70 

04 


82 

gmdient In nun. llg 



15 

13 



0 

Itlood Obtained Ovrlne} ETcrcine — 








Tmulinill gnule (%) 

4 





6 

10 

Trenilraill jipectl {IIPIT) 





2 

o 

3.5 

0, couiiamptlon: r.c./niin. 

1100 




Bionii 

1016 


CO, content in vol. % 





47.0 

46.2 

42.45 

0, enntont in vol. % 

10.15 





18.02 

17.00 

0, capnritv in vol. 

20.70 





21.68 

10.32 

Hemogloliin witumtion % 

93 




82.5 

80.2 

01.4 

CO, tonjiion in nini. llg 






42 

37J5 

0, tension in lum. Up 





50 

58 

78 

A-A frmdicnt in mm. lip 





42 

30 

24 


(loubtctlly one of the iinpoi'tniit odiiptivc functions of tlic l) 0 (ly. The liinitji- 
tion of tlio funetion of tlic i-ittlit lunR wns clearly due to n comhinntion of 
plomhnue and incnaenicnt of the lung and chest wall by a relatively nou- 
c.vpansile nicmlirane. 

That the loss of lung volume, and more particularly the reduction of pul¬ 
monary mobility, interfered markedly with the imiximum ability of the 
respiratoi-y apparatim to respire air is shown (Table 1) by the reduction of 
iinC. The significance of this severe diminution is best showji by the effect 
it had on the subject’s response to exercise. The highest intensity of sustained 
work on the treadmill attained by this subject wns that of a 4 per cent grade 
at 3.5 miles per hour during Avhich a jicak of 1,100 c.c. of oxygen consumption 
per minute was reached (Table 111). The realization that this maximum in¬ 
tensity of work is apiiroximately one-thiixl that which should be attained by 
a normal man of this age strikingly indicates the severe general crippling 
that was caused by the chi'onie hemothorax. Intolerable dysiinea, prevent¬ 
ing the subject from reaching a higher level of work intensity, developed at 
such a low intensity of work for two reasons. The breathing response to work 
was exaggerated quantitatively ns indicated by the elevated OjV index (Table 
ill). The respiratory apparatus wns thus called upon for a larger than cus¬ 
tomary performaiiee at this level of work, lloreovor, this unusual respira¬ 
tory burden wns given to a crippled apparatus capable of deliveiing only 50 
per cent or less of its predicted normal capacity. In normal persons, respira¬ 
tory activity intrudes upon the field of consciousness when the breathing load 
(muiute volume) reaches about 30 per cent of the ilBC and becomes very no¬ 
ticeable at about 50 per cent of the ICBC. As indicated by the dyspnea index 
in Table m (0.59 = 59 per cent), the rcspinitoiy sensations arising from the 
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Table III 



CASE 1 1 

CASE 2 i 

1 CASES 

1 

! 

PREOP- 

ERATIOX 

POSTOP- 

EKATION 

34 

DAYS 

POSTOP- 

BRATTON 

240 

DAYS 

i 

1 

P^EOP- 

ERATION 

1 POSTOP¬ 
ERATION 
180 
DAYS 

1 POSTOP¬ 
ERATION 

; 330 

DAYS 

1 POST- 
OPERA- 
1 TIOX 

Grade 


4 % 

4% 

■ran 

■■1 


14% 

Speed in miles per hour 

3.5 

3.5 

3.5 





Duration in minutes 

6 

6 

6 

6 

6 

6 

6 

*Ventilntiou in liters/min. 

40.0 

42.8 

36.4 

33.5 

24.8 

23.6 

58.1 

0; consumption in c.c./min. 

1100 

1055 

1150 

1040 

1035 

935 

2020 

CO- output in c.c./min. 

960 

975 

1005 

875 

825 

735 

2280 

tO.T index 

0.59 

40.6 

31.7 

32.4 

24.0 

25.2 

28.8 

{Dyspnea index 

36.4 

0.38 

0.28 

0.45 1 

0.39 

0.32 

0.46 

Clinical dyspnea 

++++ 

+ 

0 i 

+4-H- 1 

44- 

± 1 

-i-H4 


•A'^entllation expressed wet at 37° C. ambient pressure. O 3 and CO 2 drj' at 0° C. and 760 
mm. Hg. 

tOiv Index = ventilation In llters/mln. (Normal = 25 ± 6 ) 

O 3 consumption in llters/mln. 

{Dyspnea Index = ventilation In llters/mln. _ 

maximum breathing capacity 


crippled respiratory apparatus reached a point of intolerahle discomfort at 
a load which a normal respiratory apparatus would carry comfortahly for a 
long period. Exertional dyspnea developing at such a low intensity of work 
was, therefore, due primarily to the low breathing capacity of the crippled 
respiratoiy apparatus and, secondarily, though appreciably, to an exaggerated 
respiratoiy response to physical effort. 

Eemoval of the pleural plombage and the limiting membrane of the right 
liuig permitted a nearly perfect re-expansion of the lung as shoivn in t le 
roentgenogram (Pig. 1, B and C). A comparison of the films made Avith the 
thorax in full inspiration and expiration shoivs that the mobility of the respira 
tory apparatus was also improved. Physiologic measurements made 34 an 
240 days after decortication reveal a clearly demonstrated improAmmeiit 0 
lung mobility and volume, so that at the last obseiwation the subject’s status 
compares favorably ivith that of a normal man, although not quite attaining 
the predicted normal figures. Two obseiwations merit special comment. Pioin 
the bronchospirometry data of Table I, it is apparent that oxygen intake 0 
the right lung increased pari passu ivith the improvement of {ventilation; mom 
over, the arterial hemoglobin is normally saturated as shoivn in Table ■ 
(The authoi’s regret not having made this paidicular study during exeicise. 
Apparently a normal relationship betiveen ventilation and pulmonary artery 
circulation was re-established in the newly distended right lung. 

The data of Table IH indicate a marked improvement of exercise toler¬ 
ance. The subject experienced no exertional dyspnea whatsoever at the sanm 
intensity of work that caused intolerable dyspnea prior to decortication, 
large increase of IMBC and a loivered breathing response during exercise re 
suiting in a normal dyspnea index (Table III) explain this gratifying resn ^ 
Since arterial hyqioxia cannot be immked as the cause of overhieat im^ 
(high O 2 V) prior to decortication, and since removal of the iieel, etc., wo® 
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Rocintctl ivith n return to n (lefinitcly more norninl brenthing response (loivered 
0,v), one Ls tempted to pnstulnte tlmt the cxnpgernted brenthing response 
during exercise prior to deeorticntioii wns n ninnifestntion of an unusual drive 
of the respiratory center by imimlses arising in the lung and pleura. A similar 
ctfect was noted in Case 2. 

In contrast with Case 1, tlie data of Case 2 must be considered uith due 
regard to the fact tliat botli lungs are the site of extensive healed ])nreneliy- 
mal tuberculosis, and that the left lung had been jiartinlly collapsed by pneu¬ 
mothorax for twenty-nine montlis {See Fig. 2, ^I). The preoperation data of 
this ca.se Is identical with that of the first, lioth as to description and intcrpi'otn- 
tion, with two e.xecptions. The residual air eonstifutes slightly more than the 
normal per cent of total volume, and the ventilation cflleicney (cITicicncy with 
which nitrogen is removed from the lungs during respiration of pure o.xygcn) 
is slightly impaircil in Case 2. These ob.scrvntions suggest mild cmpli.vscma of 
the lungs. In adition, the right lung participates to a greater degree in respira¬ 
tion during forced brenthing than during (piiet breathing in Case 2, suggesting 
the limiting membrane over the lung in lliis ease was more expansile than 
it was in Case 1. Other than tliesc two features, the same comments can bo 
made about the relationship of ventilation to pulmonary artery blood flow in 
the cnmiircsaetl lung and about the response to exercise in Case 2 ns were 
made about Case 1. 

The postoperntion data of Case 2 are, however, distinctly difforenf from 
those of Case I. Observations were made at 180 and 300 days after decortica¬ 
tion, Tile pulmonarj' volnmina data (Table 1) demonstrate an increase in vol¬ 
ume of air-containing lung that is eonsistent with the evidences of re-expan¬ 
sion shown in the roentgenogram (Fig. 2, f and D], In sjiite of this, there 
was but little increase in the degree to which the right lung pariicipntes in 
the act of brenthing or in the uptake of oxygen during quiet breatliing as 
measured by bronchospirometry. (Inly during a vital-capncity breath eould 
the right lung be made to show a iiartieipation in air movement consistent 
with the roentgenogram change. These oliscrvntions indicate clearly that the 
re-expanded lung does not fill and empty ns easily as does the left lung. In¬ 
spection of the right lung tracing during bronchospirometry confirms this in 
that the movement of air into and out of the right lung lagged behind that 
of the left. The same action can bo visualised fluoroscopicnlly, iu that, 
during quiet brenthing, the density changes in the right lung occur much 
more slowly than they do in the left. During rapid deep lirenthing, the 
density changes of the left lung arc normal, whereas the right lung shows 
much less change of density during rapid deep brenthing than it docs during 
fluiet breathing. These ob.scrvntions are interpreted ns evidence that the 
right lung, although re-expanded, is ventilated very poorly and contributes 
little if any more to breathing now than it did prior to decortication. One 
cannot differentiate between airway obstruction and ]os.s of lung distensibility 
end elasticity ns the factors responsible for the poor ventilation of the right 
Iwig. Either or both mechanisms play a role. 
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Perhaps the most striking postdecortication change in Case 2 is the de¬ 
velopment of arterial hypoxia (Table II), which is slight at rest hut becomes 
significantly more severe during exercise. The faet that considerable quan¬ 
tities of incompletely oxygenated blood now traverse the lung is even more 
clearly indicated by the abnormally large A-A gimdient, whose upper limit 
in normal persons is certainly no more than 15 mm. Hg. 'Since, prior to re¬ 
expansion of the right lung, this condition was absent, it is logical to associ¬ 
ate the new development with re-expansion of the linig. It is reasonable to 
postulate that pulmonary arteiy channels have been reopened by the re¬ 
expansion of previously collapsed and immobile tissue. Knovdng that the re¬ 
expanded lung is poorly ventilated, one can adequately explain the hypoxia 
by assuming that a considerable portion of pulmonary artery blood is now 
traveling the poorly ventilated portions of lung and emerging incompletely 
oxygenated to mix ■\\dth the normally oxygenated blood in the left side of the 
heart. A second explanation would be that the re-expanded alveoli, now 
recirculated "with pulmonary artery blood, have developed changes in the 
bander between the blood and alveolar air so that there is an impedenee to 
the passage of gas across the alveolar membrane. It would appear virtually 
certain that one, or perhaps to some extent both, of these mechanisms has 
been set up by the operation. The mechanism mentioned earlier, whereby the 
proper relatiouship between alveolar circulation and ventilation is mamtained, 
seems to have failed ui.this instance. In our experience, re-expansion of lung 
tissue after even a prolonged collapse by uncomplicated pneumothorax has not 
led to .hypoxia. Perhaps in time there will be a readjustment wth the dis¬ 
appearance of the hj'poxia in this particular ease. 

Hypoxia of the degree met "with in this case is not necessarily incompatible 
with comfort, etc. It is something of a surprise to note how little effect (Table 
III) the hjyioxia has on the response to exercise in this particular subject as 
indicated by the normal Oov index. When exercising at his maximum of toler¬ 
ated intensity (data omitted from Table III), namely, at a grade of 4 per cent, 
speed of 3.5 miles per hour, and oxygen consimiption of 1,445 c.c. per minute, 
the OoV index is still only 24.0 liters. Studies during recent year’s have .shown 
that there is a considerable individual variation in physiological responses to 
hypoxia. 

In passing, it should be noted that during the interval betw'een the second 
and third study. Case 2 was trained in and faithfully performed respii’atory 
gynrnasties designed to promote re-expansion and mobility of the lung. Perhaps 
some of the increase in the volume of the lung and in its mobility was the resu 
of these exercises. Unfortunately, the gain in air movement, etc., was not ac 
eompanied by per-fect ventilation of all segments of lung or restitution of-a 
noiTual blood gas barrier. 

Preoperation studies were not made in the third case but can, 'noth littk 
chance of error, be assimied to mimic the first case in all respects. The pas 
operation data was, however, entirely different from that which we had antici^ 
pated. The' pulmonary volumina, maximum breathing capacity, anduestmo 
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nrlciial blood studios nrc consistent u-ifh tlio expected end icsiilt and eompnit! 
favorably -vvith the postopemtion results obtained in Case 1. The bioncbo- 
spirometrj' data (Table I), bowevor, are elenrh- at variance with the anticipated 
estimate. Becanse of this, the study was repeated with special attention to 
])roving to our omi satisfaction that the result was valid and tecbnical errors 
were excluded. The result of the second measurement duplicated that of the 
first. Wo arc unable to explain the verj’ low per cent to which the right lung 
participates in the respiratorj- act. Although ph.vsical examination, fluoroscop.v, 
and a compari.son of roentgenograms taken at full inspiration and expiration 
(Pig. 3, Ti and C) do not indicate perfectly normal ventilation of the right lung, 
they do suggest that it ])articipntea more than was measured by hronchospi- 
rometry. AVe nrc somewhat reluctantly forced to recognize that the repeated 
bionchospiromctric estimate is more likely to he correct than nrc the other 
olisctrations mentioned above and arc, therefore, faced with the at present un¬ 
explained disproportion of function between the right and left lungs. During 
oxorcLsc, the arterial blood hemoglobin was not o.xygenateel to an entirely normal 
extent and the A-A gradient was moderately inci'cnscd. These ohserr'ations 
indicate the same things ns discussed in reference to Case 2 but on a scale of 
lesser magnitude. The unknown ctiologj', the In-iof intcr\'nl of time between the 
operation and the postopemtion studies, the hi.stoiy of a small hemithorax since 
childliood, plus the finding of a siuall trachea, etc., at hrouchoscop.v, all iudicato 
that unrecognized factors may exist and caution must he exercised in drawing 
any eonolusious from this case. 

COIIIIENTS 

Tile ohsen'ations made of these three eases suggest the follorviitg comments. 
I’lomhago (either air or liquid) plus the immobilizing effect of a relatively non- 
claslio membrane overlying the irleural surface docs sorioasly cripple the respira¬ 
tory apparatus. This adverse cfltccl influerrecs not only the capacity of the 
person to exercise hut also, ns in the tuberculous, limits the use of coUapsc pro¬ 
cedures for the contralateral lung. Srn'gicnl evacuation of the plomhago and 
rcntovnl of the visceral peel u-ill, as in Case 1, effect a restitution to virtually 
normal pulmonary arrd cimrlatory function in an ns Amt nnknown number and 
ItTro of cases. Bc-expansion of lung tissue rrith obliteration of the pleural siiacc 
1 .S not nlwar-s, ns in Cases 2 arrd 3, followed by a recovery of normal pulmorrnry 
and circulatory furretion of the involved lung. It is actually possible, as in 
Case 2, for dccorticntiorr to eventuate in an abnormal rclatiorrship between cir- 
culatiorr and vontilatiorr in the re-expanded Irurg tissrro. The rrltimato degree to 
wliich the rc-cxirandcd lung regains its normal ph.vsiological capacities depends 
m all probability upoir the extent and nature of the histologic nlteratiorr that 
develops itr the collapsed lung. Such alterations arc related to the disease process 
in the lung prior to and during its collapse, to the development of the chronic 
empyema, etc., and probably also to the length of time the lung is collapsed. It 
w of interest tlrat iir none of these three cases was the parietal membrane peeled 
from the underhung pleura. Prom the data of Case 1, it would appear that this 
made no marked difference in the rrltimato outcome. It should bo remembered 
however, tlmt this membrane was present during a relatively sliort period. In 
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Case 2, the membrane liad lieen present for a matter of years and in spite of its 
not being removed, there is evidence of some improvement in mobility of tlie 
underlying lung tissue. As to whether there would be lietter mobility now had 
the parietal membrane been stripped is a matter of conjecture. It’is apparent 
from these studies that re-expansion and an improvement of lung mobility are 
of no avail if ventilation and circulation are not improved at the same time. 
These studies also indicate the need for detailed physiologic inve.stigation of 
subjects before and after decortication. Analysis of the data thus obtained 
might in time enable one to predict the degree to which the re-expanded lung 
will recover physiologic integrity after decortication. 

SUMMARY 

1. Physiological studios of pulmonaiy function are reported in a case of 
chronic traumatic hemothorax, one of chronic tuberculous empyema eomplieating 
pneumothorax vdth an unexpandable lung, and another of chronic hemopneu- 
mothorax (empyema ?) of unknown etiology. 

2. Postdecortication as compared to predecortication observations demon¬ 
strate the abolition of the crippling effect of plombage and immobilizing mem- 
bx'ane in the case of chronic traumatic liemothorax. 

3. Studies prior to and after decortication in the case of tuberculous em¬ 
pyema, etc., sliow that, although the lung was successfully re-expanded, pul- 
mouari' function was not improved but was in fact further impaired. 

4. Postdeeortication studies of the spontaneous hemopneumothorax case 
showed an unexpected lack of function in a perfectly re-expanded lung. 

5. The significance of tliese divergent results foIlo’v\ung decortication is 
discussed. 
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niSCUSSIOX OK “DECORTICATIOK IK rULMOKARY TUliRRCULOSIS IKCLUPIKn STUDrKfl 

OF RFSITBATORV niYRlOLOQY"^ DY DR. jaSKPJI OORDOK AND DR. PJ>\VARD S. 

WTAJJvfl;* “dECORTICATIOK of the UNEXPAKDED TUnFUIOULOOR LUKO 
FOU^OWIKO pneumothorax” RY dr. .lOSEl'It A. WWKBERQ AND 
DR. J. n\nGHT DAVIS ;t AND “IMIYSIOLOOIC OaSERVATIONS CON- 
CraNIKO DECORTICATION OF THE LUNO” UY DR. GEOROE 
W. WRIGHT, DR. LEKTER R. YI-U^, PR. GILES P. FILLEY, 

AND DR. ALLAN STR.VNAIIAK 

BR. HARK IT. WIIJylAMH, Binglmmpton, N. Y.—Thtwo of you who 1iq<1 experience 
with thie ojierutlon in nillitnrv fiorvire will nKree Hmt the prcw'e<liire in Ihitf uronp of riu>c:^ 
wna compamtivoly (mihv. For the n^n^^t pnrf th« peel elrippeil miher rendily, leaving n clean, 
nomial-oppenrlnp vlseeml pleura. At tlinoH title eould ho <lone by finRor dlwction. In 
ronlraat, decortication in the proup of eneen untler diwute^iou here to<1ny is a contddorably 
more formidable procedure. If the techiilquo tiint wne ueed in the war ie followed there 
are, in my oxperionco, conei<IcmbIe bleeding nnd IiubhllnR of nir, and the operation Is a 
tedious and laborious oue. By nioillf\'inR the lochnitjno somewlint, tho Hcpnrntion of tho 
peel can be considerably farilitatoil. 

(Slides.) This Is intended to illustmtc the situation found nt operation in the avemge 
caiftc of this kind. The luoR is not completely colinpswl anti ia adherent l)elow to the dla* 
phntgni. 

As the firtt step In dworticution it Is suRRCsted tlint one enter flic piano of tho plenml 
tiytnphysls. This opens mthcr readily, and the lunp cun W soparoteil from the diaphragm, 
pericardium, and the client wall by sharp or blunt dlsaoetlon \rith only a moderate amount 
of bleeding. This dissection Is continued until tho lung is entirely freed. At tliia point, 
the anestlietist is asked to inflate the lung. It now inflates considerably nnd tlic pool actually 
appears to shrink somewhat. The lower border of the membrane is now cleratetl nsing rather 
strong tension wHtli hen\T clamps. 

By tho use of sharp ond blunt dissection, the peel can l>o taken off with minimal injury 
to the lung nnd minimal blee<ling. It conies off fairly readily and dnrlng tliis procedure 
the anesthetist applies steady pressure. The dlawrlioo continues until sufBcIout long ex¬ 
pansion Is obtained to oblUorote the pneumotliorm space. Usually it Is not neceasarj* to 
remove all the peel in order to gel sufficient expansion to All the chest. Rome of tho mem- 
hrane can be loft in place over the upper lobe to insure permanent collapse of tho area 
which was originally the site of cavitation. 

BR. william iL TUTTLE, Detroit.— I am much interested In this discussion because 
wo have had a fair experience with decortication of Hie lung in tuberculosis. To date, our 
group has done this operation on forty-three patients. The captive lung was of six months’ 
to sixteen years’ duration. The operation was done for tho following indications: soven 
pstlonts were operated upon os an adjunct to lol>cctomy to allow ro-cxjmnslon of the remaining 
lobes; twenty-three imtlents were operated npon for noneximnded pneumothorax with fluid 
and approximately 50 per cent of those finids were positive for tubercle bneilli; three opera¬ 
tions were done in tho prosenco of a drj' space with long-contInuc<l pneumothorax; feven 
were done for an incased lung following u tuberculous plcuritis with cfTuslon which had 
organlxod; and three were done for tuberculous empyrnin. Of the group, nil expanded ex- 
‘^ept four. One patient died as a result of rcnctlratlon of disease. In two the sputum be¬ 
came positive, the source was never found and they oveutuully l>ecnni 0 negative. One ro- 
expanded and reopened a cavity in tho rc-cxpnndcd lung nnd that cavity wltli bed rest nnd' 
with streptomycin eventually closed. 

Ye postulated at tho start of this work tliot after oil there wore two things to be desired; 
oae was possibly to increase tho fnnetion of the lung and make breathing,easier; the other 

to obliterate an ojien pleornl space. I think the more important thing is probably tho 

*8e« page 317 for article by Gonlon and Wolloa. 
tSee pose tSS for article by Wolnberir and Davis. 
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obliteration of the pleural space. After all, we know that incli-\’iduals who have an unes- 
panded lung over many years sooner or later develop fluid and possibly empyema, and manv 
must eventually have a thoracoplasty, in order to obliterate the space. I believe one might 
postulate that in many of these individuals the return of function may not be too great in 
the re-expanded lung. This is because we know that the lung which has been involved in a 
tuberculous process in many instances loses its function almost completely. In other words, 
the pulmonary membrane is destroyed and the ability of the lung to absorb and use oxygen 
is greatly diminished. Dr. Wright’s figures bear that out. You will note that tlie volume 
in the re-expanded lungs was relatively good, but that the ability of the lung to use the 
oxygen inspired was poor. The findings of Dr. Wright fit in with what one might predict in 
many of these individuals whose disease had been extensive. 

We have not removed the parietal pleura because in our experience in wartime we found 
that it was not necessary. If the visceral peel is removed and the lung is allowed to exyand 
against the chest wall, then for some reason the parietal peel thins out and it is unnecessary 
to remove it. It is my' feeling that to remove this, and it is a nice operation to get the whole 
thing off as a sac, increases the bleeding considerably', increases the operative time, and I 
believe it tends to complicate the situation. 

We are pleased with the operation but not too overly optimistic about this, because you 
are not going to be able to decorticate every lung of all patients who have a tuberculous 
empyema. There will be some in whom the peel i.s so intimately attached to the visceral 
pleura that its removal will certainly be impossible. We have had that experience. There 
are other instances in which it may not be desirable to remove the peel at all, and a thoraco¬ 
plasty .‘should be done because of previous underlying disease. 

I can see really little justification for combining thoracoplasty and decortication. We 
should make up our minds which operative procedure we want to employ. I a^ee fully 
with Dr. Weinberg that it is probably best to decorticate the lung, allow the lung to re-exTund, 
see the status of the underlying disease and then if thoraeoplnsty is necessary it can be done. 
In our series we had to do a thoracoplasty in four instances in which the decortication itself 
ns a primary procedure failed to allow expansion of the lung. 

DE. D. H. WATERMAN, Knoxwille, Tenm—Our interest was first drawn to the problem 
of decortication in tuberculosis about three years ago when we had occasion to do a pneumo 
nectomy on a patient who had developed a carcinoma in an uuexpandable pneumot lorax 
lung. The ease with which the peel stripped from the pleura, after a three-and-one-hal 
pneumothorax complicated by pleural effusion, was so striking that further trial was c^' 
warranted. We believe very strongly' that this procedure will soon come into genera 
when satisfactory re-expansion of a pneumothorax fails to take place. 

It has already been brought out that examination of the first x-ray films is o c i - 
very important in planning the surgical attack. _ 

In a very limited experience, we feel that actually the procedure is an easier 
far as stripping is concerned, in those cases that have an une.xi)andable lung without 
than it is in hemothorax cases. Our experience in the latter group is limited too, loa 
Dr. Tuttle and others have mentioned the fairly appreciable number of pneumothoraces 
see which do not fall into the empyema group, but which have a thickened peel 
surface of the lung preventing re-expansion. Here is a way to convert such poor pneumo 
results into good ones. 

DE. W. W. BUCKINGHAM, Kansas City, Mo.—So far the papers and *'>6 
have failed to bring out the fact that the procedure can be a reversible one. In 
we can use this to re-expand the lung or we can use it to collapse the lung ur 
have done this operation in seven cases, in tdiree of wMch cavities were developing un 
the incompressible lung. These three were all very well stuck at the base. By pe® 
the top, as one gets around to the edge, as Dr. Weinberg states, further collapse^ ^ better 
can be brought down into the mediastinum; so you end up in those cases wi i ^ 
selective pneumothorax than you had before. Two of these cases had conversion ® 

It was not thought that resection was advisable in these cases ns two of t lese pa 
pneumothorax on the other side, and the other a contralateral thoracoplasty. 
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DE. D. A. irULVlHILL, Nmr York.—Wc Imve been continuoiwlj interested In tills 
since the wartime experience ^ritll decortication of hemothomcep. A case that I reported at 
Detroit two yearn opo was an application of the procedure to one of the problems we have 
in tuberculosis. The indications I spoke of nt that time were somewlmt dilTerent from those 
brought out today, in that I thought decortication might be applicable to obliteration of 
the dry pleural spaces resulting from noncxjmnslon of a postpneumothorax lung. I do not 
know whether it will bo ns applicable, os Dr. Tuttle brought out, to cases of frank tuberculous 
empyema, but it wUI have a very definite place, I think, in overcoming the symptoms of the 
dry, long-standing pneomothonuc space. These patients with controlled disease wont to be 
relieved of tho necessity of refills after a period of years. Tliey also mint to bo relieved of 
the dyspnea and the feeling of tightness they have, if they do not get their refills frequently 
enough, and wo want to relievo them of tho dangers of empyema. 

(Slides.) I would like to show one case. 

In a paper which will api>eur in tho .Tourn’ai. or Thoracic SlTROtiRY, I have stated that 
I lm\‘o liesitatetl to employ this procedure In any lal>en‘uIous empyemas. However, with 
streptomycin, I feel it is sometimes possible to sterilise the space, ond then proceed with 
•lecorticatlon. 

DE. EOBEET BLOCH, Chicago.—The group of papers just presented dealt essentially 
with eomplicntions resulting from artificial pneuraotliomx treatment of long duration. I 
could not help reflecting on the whole issue of that form of collapse tlierapy. The chief 
reflection Is that artificial pneumothorax treatment may not deserve to Ihj the universal therapy 
for tuberculosis that it 1ms come to bo considered in many quarters. Two or threo decades 
ago the average duration of the treatment was about one year; often, only a few months. 
We havo learned since then that for satisfactory resolts tho daratlon of the treatment has 
to average a minimum of threo years. ThU necessity has beeu the chief cause of complica* 
tions sucli as wo heard discussed this afternoon. It is comparatively easy to keep a patient 
at ml up to a j-enr but verj* difflcuU, and often emotionally, socially, and economically im* 
possible, to keep his activities under control for three j’cnrs or more when he Is asymptomatic 
and in good general condition. 

Eight years ago Dr. William Adams, Dr. William B. Tucker, and I presented a paper 
at tho joint meeting of this Association nml the American Trudeau Society whicli we called 
“Standards and Criteria in Artificial Pneumothorax Treatment.“ At that time statistics 
gained from the world's literature on the Into results of artlflrlal pneumothorax allowed 
roughly that ono-thlrd of the patients so treated a-ero considered cured; one-third, uncured 
but living; one-third, dead. There Is reason to ossume that the figures Imvo not changed since. 
Tills morning during discussions of extrnplournl collapse raetho<l8 several of the speakers 
remarked tlmt there was liesitancy among surgeons to introduce foreign materials Into the 
thorax for collapse purposes; as an internlMt I ^rant to exprefw my own heeitancy to introduce 
air into the pleural cavity regularly and over perio^ls of years, without the strict indications 
^hich time docs not permit to discuss now. 

DR. WAKRINER WOODRUFF, Raranan Lake, N. Y.—wish to make two polnta. 
First, Dr. Wright has credltetl mo with performing tho operation on “J. 8." ^Vhlle I am 
Hated on tho records as tho operating surgeon, Dr. E, 8. Welles and I worked together and 
the decortication was actually dono by Dr. Welles. 

hTy second point is one which lias not been raised in this discussion but sliould be. It 
cooeems tho value of a decortication instead of a Scl»6<le operation in the obliteration of a 
^idual empyema pocket when the ordinary tliomcoplosty has not been successfuL We know 
that in the presence of on old empyema even nn extensive thoracoplasty may leave a residual 
space. In the past a Schedo lias been our next step; but if decortication can be done, it has 
®^y Qdrantages, It is cleaner and tho wound heals more promptly and requires less after¬ 
care. Even though Dr, Wright has demonstrated in the patient with long-standing tuber- 
«mlosii tlmt Ihoro was considerable impairment of pulmonary function follovring decortication, 
am not sure tliat tlie impairment is greater than would have beeu obtained by n Schedo, 
^ with the Sclicde tho patient would have I)ecn left with a chest wall that would have rc- 
^Inetl flaccid for a long tirao. 
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DR. ROBERT KEOPSTOCK, Jamaica, N. T .—I should like to make only a brief 
statement: The presence of any chronic and even uncomplicated pneumothorax seems to 
result in a peel-forming fibrous deposit upon both the visceral and the parietal pleura with¬ 
out involving the pleura proper. This peel causes, even in the most inconspicuous case, some 
degree of nonexpansion of the previously collapsed lung or areas of it and infolds in places 
the pulmonarj- parenchjTna. This condition seems to be present in spite of satisfactory 
“x-ray appearance” of re-e.xpansion and re-aeration of the lung. The infolding of pulmonaiy 
parenchyma may appear as parenchymal pathology on the skiagram. (Of course, nonex¬ 
pansion due to pulmonary pathology is not considered in this particular problem.) 

Performing resections for pulmonary tnberculosi.s, we explored a significant number of 
patients who had either a maintained pneumothorax at the time of the operation, some of 
only two or three months’ duration, or a re-ex'p.anded lung following pneumothorax treatment 
of shorter or longer standing. Without exception we observed the noted “pneumothorax- 
peel” and had to perform a decortication in order both to develop the fissures and to secure 
complete re-expansion of the remaining pulmonary parenchyma. The thickness of the peel 
varied from a few millimeters to a filmy sheath; but even a filmy sheath was sufficient to cause 
at least infolding of pulmonary parenchjTua and prevent full re-e.xpansion of the remaining 
lobe. I am aware, of course, that all of you doing the same type work had the same ex¬ 
perience. I feel, however, that this observation concerning the consistency of formation of a 
“pneumothorax-peel” should be .stated and added to the data on the natural history of 
the artificial pneumothorax. 

DR. GORDON.—First of all, I should like to express Dr. Welles’ regret at not being 
here; he sends greetings. I should like to thank the discussers for what they have said. It 
is exactly what we need when seeking a new approach to an old problem. 

Regarding removal of the parietal peel, I should like to show slides of a case which 
suggest that it may not be necessary where there is a good underlying lung. Apparent com¬ 
plete resolution of the thickening peel has taken place ns the lung returned to virtually 
normal function. 

DR. WEINBERG.—I wish to thank the several discussants for their comments. Dr. 
Tuttle wonders why it is advantageous to remove the entire membrane in one piece. In con¬ 
densing my paper for reading, it is possible that I have not dwelt on the advantages suf¬ 
ficiently. First, it has been found to be much easier to remove all of the visceral membrane 
if the parietal membrane is separated first and the dissection is continued on to the viscera 
surface. Second, if one does not remove all of the visceral membrane, the lung will not tv 
pand completely following decortication. Tliird, it is possible that retained portions of t le 
diseased membrane would encourage the formation of sinuses in the thoracic wall. 9** j 
the greatly thickened parietal membrane will limit the excursions of the thoracic wall an ^ 
diaphragm at a time when this function is most needed to restore complete expansion o 
lung. Dr. Gordon’s observation that the retained parietal membrane tends to recede in 
weeks following visceral decortication is encouraging for those who prefer to limit the p ^ 
cedure to the visceral surface, but the simplicity- of the removal of the parietal mem ran 
argues in favor of its resection instead of relying on its later resorption. 

The question is raised, “Why release a lung by decortication and perform a ^ 
plasty later? "Wliy not limit the surgery to a thoracoplasty in the first place?’ The 
of decortication is not only to obliterate a pleural space, which is a potential 
tuberculous empyema, but also to restore the function of the compressed lung. 

Eortication, if, it is seen that thoracoplasty is indicated for pulmonary compression, 
be done in a selective, purposeful manner. One who has visited the autopsy 
seen a grossly cavitated compressed lung under the thickened membrane of a u e 
empyema must realize that the diseased lung is not benefited by the haphazard comp 
wHch nature imposes on it. 



ALLKRGY IN PULMONARY TUBERCULOSIS 
■With Spkcul Rkfrrkxce to Autotuukrcuuniz^vtion 
A. R. Judd, jVI.D., IlAMDuno, Pa. 

T he life lii.storj' of n tulicrculoiis infection in tlie liiiinan suliject follo\ra nn 
intensely intercstinR nnd complex pnttei-n, pnrticulnrly if this pnttern i.s not 
interfered with by “outside forces.” This pattern is chnraetcristic of few other 
infections nnd its complexity prohnhiy is not cqimicd or surpnR.sed by other 
common, so-enlled, hactcrinl disea.scs. Seldom in other e.xccpt fungus diacmscs 
is the rcspoiLso of allergy develope<l with the same ns, or greater frc<|ucncy and 
e.xnetnes.s than, in human tuhereulasi.s. 

Allergy as it relates to elnssieni pulmonary tulmrculosis occupies a funda¬ 
mental position for it is the allergic rc.sponsc of the individual that determines 
the chameteristies of pathologic processes occurring in patients developing the 
sccondnrj’ or reinfection idmse tuberculosis. There exists a profound and funda¬ 
mental distinction between the reaction of the tissues in a healthy, uninfected 
individual and the one who lias already been infected by the tubercle bacillus, 
and in whom lixdng tubercle bacilli are, therefore, present. The fact of their 
Ixiing present and li\-ing is assential to the continued presence of this reaction 
hut the presence of nn active tulmreulous disease, however, is neither implied 
nor neecssarj'. 

Robert Koch {1891), through his now classical aiumal c.xperimcnt.s, rccog- 
niicd this distinction, that is to say, the distinction c.xisting Imtwecn the reaction 
of individuals infected nnd those not prcriously infected by the tubercle bacillus. 
In more recent years, however, further studies have revealed the presence of two 
distinct factors, both growing out of a primarj' tuberculous infection, , in an 
individual not hitherto infected by the tubercle Imcillns. These factors are, first, 
allergy, nnd second, immunity. Bach, I Iwlicvc, represents an entity (by itself) 
distinct, related but not wholly interdependent,’’ '• Both servo to determine 
the sequence of events in a patient reinfected by tubercle bacilli. By definition, 
immunity is the ability of the organism to resist the living bacilli themselve,s, 
while allergy is the sensitisation of the organism to the products of the bacteria. 

An individual becoming infected by the tubercle bacillus for the first time 
IS said to have (received) the priniaiy phase, or first infection, that phase of a 
tuberculous infection formerly rccogniicd as childhood tuberculosis nnd so 
named because of the high frequency of this infection in children and young 
mdividuals. However, the primary phase infection is not confined to childhood 
but may occur at any stage in life of a person not previously so infected. The 
Pnmary infection is usuaUy benign, free from pronounced or noticeable clinical 
reaction. This generally passes unnoticed. Pathologically, during the first 
(primarj’) infection it is to he noted that the invading baeUli, on the whole, 
not retained at the site of invasion but are transported by the ^unph s.vstem 
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to the regional lymph nodes and these in turn tend to become enlarged, caseous, 
and may later become calcified. During the course of this infection and after a 
ceifiain incubation period, a state of hypei’sensitivity (or allergy) to the products 
of the invading organism is developed. This incubation period usually occupies 
a period of eight weeks, but sometimes longer. Likewise, there is produced a 
certain but essentially unmeasurable degree of immunity. Both remain with 
the patient so long as living tubercle bacilli continue to be present within the 
organism, although significant clinical and morbid tissue activity may be absent. 

In the event that this primarily infected individual should become infected 
again, the sequence of events is strikingly different due to the existence of an 
allergic state. The invading organisms on the whole are now retained at the 
site of inoculation. A local, acute, allei'gie inflammatory reaction takes place. 
This reaction is characterized by an outpouring of poljTuoi'phonuclear leucoejdes 
and plasma cells, which reaction is further accompanied by local tissue necrosis. 

Expeinmentation has shown that an identical reaction takes place if tuber¬ 
culin or dead tubercle baeBli are injected into such a hypersensitized subject. 
This reaction depends upon the fact that an otherndse bland material, tuberculin, 
now acts as a powerful, irritating, and necrotizing agent, a response encountered 
only in an indi^ddual who has developed such a specific allergic response to the 
products of the tubercle bacillus. As a consequence tliereof, clinical, or reinfec¬ 
tion phase, tuberculosis assumes a position of profoiuid importance in the I’ealm 


of specialized therapeutics. 

Underlying the whole phenomenon of allergj' in tuberculosis is the question 
of the specificity of tuberculin in the production of a specific hypersensitiveness, 
or allergy, in man or animal. Numerous reports have been submitted and 
controversial questions raised. Some writere, especiaUj’" kloro and Kellei, 
claim that a hypersensitiveness to tuberculin has been produced in nontubei- 
eulous infants and animals by using conjugate antigens. On the other ban , 
there are witers who frankly dispute this claim, principally on the basis of a 
lack of the specificity of the hypersensitiveness thus produced. However, in t le 
light of the more recent investigations (Chase, Levfis and Seibert, and othei’S ’ 

8, 11 ,13) definitely conclude that tuberculin is a specific antigen and Da 

antibodies to tubereuloproteins are jiroduced. By virtue of these investigations 
and the consequent conclusions, there now exists little or no doubt of the va i U 
of a positive reaction to the standard cutaneous tests using old tuberculin oi o 
purified protein deriritive (P.P.D.) in determining the specific hypei’sensitm y 


of an individual previously infected udth tuberculosis n 1 

It should be emphasized that among phthisiologists the opinion is he c 
the duration of the allergic state is sliort (roughly fifteen montlis) unle.ss 
tubercle bacilli are constantly present in the body and therefore ' 

giving off tuberculin into the body system. Should tlie tubercle baci i 
extinct, a state of anergy would shortly ensue and thus tlie sequence o 
characteristic of the reinfection phase tuberculosis would not j 

until after a hypei'sensitivity to tubei-culin should again have become es 
The problem of a loss of the allergic state and of tnie positive speci e a 
still remains i-ather controversial. The loss of hypersensitiveness may e 
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iimnont or tcniporan' state. The permanent loss of a li}-persensitivcjiess to 
tuberculin is a Rradual ])rocesa. It occurs in those cases wliere for some reason 
all liWng tubercle bacilli arc eliminated from the body. Tliis can, and does 
occur in rare instances follounnK a primary phase infection but it is strongly 
doubted that this ever occurs follon-ing a reinfection phase tuberculosis. A tem¬ 
porary state of positive specific anergj-, more appropriately described as a i)oriod 
of desensitiration, or a period of susi)ended allergy, may be brought about l)y 
the gradual or sudden injection of ndcfinntc quantities of tuberculin into tlic 
l.rai])]! and vascular systems. Tliis fact lias been dcmonstiated repeatedly and 
conclusively in laboratorj- auinmls and is kiiomi to occur in the human being, 
especially consequent to tlic sudden collapse of a tuberculoiw lung as this takes 
place following the surgical decoslaliantion of tbc chest wall, i.c., thoracoplasty. 
This phenomena has Itccn described as autolubcrculinimtion and has nndouhtedl.y 
l)ccn witnessed hy the majority of thoracic surgeons in certain of their patients 
following thoracoplasty oven though it is highly probable that the condition 
observed was not recognized ns .such and that it may have been diagnosed ns mi 
“aente spread” (Pig. 1, A and li). Aecoiding to Tuttle and his a.ssociates,’* 
this reaction is one involving the union of antigen and nntilrody and, if sevci'C 
enough, leads to desensitization of the host to the ordinnrj’ doses of tuhorcnlin. 
Such patients show, hy x-ray examination, evidence of an acute massive "focal 
uiflammation” occurring in the region of existing tuberculous foci; this reaction 
may bo of such severity as to endanger life and may in some instances bring 
about the death of the patient through the loss of a large volume of oxj’gon- 
alrsorbing surface or involvement of some other vital structure such as the 
meninges. 

AVithin tire past ten years a ntmibcr of cases have boon oneountoied in our 
clinic which, by and largo, all presented a similar syndrome. However, because 
the earlier cases wore not thoroughl.v studied, lefeienco is being made only to 
those in whieli the characteristic sj-ndrome apircared and in which the Jlantoux 
teat was found to be negative during the ircriod of maximum plijuiologic reaction. 
-fVll cases have occurred following thoi'acoplnsty or cxtraplcui'al pneumonolysis. 


Although the phenomenon of autotubcrculinization has probably been en¬ 
countered by all thoracic surgeons actively engaged in the surgery of tulrcrculosi.s, 
it IS striking that so little reference has been made to it in the literature and 
that there are so many who doubt its occnircncc. 


The onset of the condition is associated rvith a high temperature eleyation, 
which, however, is aetivcl.y declining at the tune the clinical symptoms and signs 
make their appearance. These symptoms and sigris are characterized by var'ying 
degieos of apprehension, an imdue blanching of the skin, followed by varying 
degrees of cyanosis, hyperpnea and dyspnea, and general prostration. The 
Mantonx test is negative and the roentgenogram shows arr extensive “perifocal 
mflammation” around the foci of pre-existing tuberculous implantations. In 
the more severe cases, a memory lapse which may include a mild delirium has 
Irecii noted during the most critical period even though the temperature was 
rapidly approaching a normal level at the time of this occurrence. The explana¬ 
tion we believe lies in the state of corobral hypoxia in which the indiridual finds 
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FlE- 1-—C. K., a 40-year-old woman. , dense 

A, Preoperative roentgenogram of patient with giant right upper lobe cavity and 
pleural shadow resulting from old resolved tuberculous empyema. 

B. Postoperative film of same patient-lllustraUng typical "acute speead” to contraia ^ 

lung In contrast to the tjiDe of lesion seen Immediately postoperatlvely In Pigs. i.„'d rest 

P, and 3, A, B, O, D. Such lesions do not resolve spontaneously after a few weeKs 

This natlent progressed and died of fatal massive pulmonary hemorrhage. 
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himself. The prognosis in these cases is always grave and the earlier the onset 
(following operation, i.o., pulmonaiy eollaiwe). the more severe the rendition 
and the greater the danger to life. 

Tuherculoas infections in the iircscnco of tuberculin ollcrga- chamctcristic- 
ally varj- according to the intcn.sity of the allergic state. This phenomenon may 
bo demonstrated clearly by certain cutaneous manifestations of the infection. 
For example, lupus xndgaris c.xhibits all of the ela.ssical ebaractcristics of a 
tulwrculous infection of tlie skin and occurs in the presence of a high degree 
of tubercnlui allerg}'. In contm.st, other tubereulids occur in the presence of 
a low degi’ce of hypcrscnsitivcncsa and tubercle bacilli themselves are difficult 
to isolate or to find miciuscopically in tlie.so cases. However, in contrast to lioth 
of these tyi>cs there is Bocck’s saieoid, etc., which, if we acknowledge a po.ssible 
relationship to tuberculosis, occurs in the presence of no allergic reaction to 
tnlierculin, i.c., a true .state of tuberculin anorgj-. Tubciele bacilli cannot be 
demonstrated, yet the microscopic cbaraetcri.stics of the lesions nra identical with 
the claiaically described tubercle except that as.soeintcd tissue necrosis is aksent. 
It Is interesting that ns a rule this disease is seif limited, but occasionally such 
a case mn.v progress, bacilli will be found, and flic snlisegncnt course follows 
that of any reinfection phase of tulwreulosis. I know of no experimental data 
that adequately nttemiit to explain this phenomenon. 

For a long while allergj- and immunity in tuberculosis were considered 
together with no clear distinction being made between the two. However, it 
has been obsen'cd that while the invading bacilli were retained locally and killed 
in an allergic individual, this was not the I'csult of allergj' but the result of 
antibodies acting against living bacilli and, therefore, of immunity. It has 
been considered, until rccentlj', that immunity was due to the allergy, or hj-per- 
sensitiveness, to tubercului. It is now admitted that such is not the case, yet 
it is still difficult to separate the two for any length of time. However, Rich 
and Ills associates”’ ” do claim to have separated the two phenomena bj- dcsen- 
sitmation with tuberculin without remoring immunity. Yet, again, there are 
other opinions to the effect that the allergic inflammation may operate to enhance 
the immunity by hastening and concentrating the defemsive forces at the site 
of infection. Therefore, thej' feel, nllergj- must be closelj- related to immunity. 

IVhile aUergj', or hypersensitivity to tuberculin, is an undeniable and ever- 
present factor ui clinical pulmonary tuberculosis and other manifestations of a 
tuberculoua infection, one cannot tseapo tbo implication that an interrelationship 
may exist Ijetween the manifestation of allergy to tubercidin in the tuberculous 
patient, and tbo manifestations in tbe same patients to nontuberculous alleigins, 
notably asthma. There is, Iiowevor, a iride diversity of opinion on the subject. 
Some investigators believe that there is considerable interplay between the two; 
others arc just ns strongly of the opinion that asthma and pnlmonarj- tnlicr- 
cnlosls are mutually exclusive. Both opinions are cbnllenged, and svith equal 
integrity, by anotlier group of workers,” who claim that tlio incidence of asthma 
among the tuberculous patients is no greater than among tlie population in 
general. Prom personal experience wo could harard the opinion that there 
.seems to be considerable confusion resulting from mistaken diagnosis. In the 
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first place, asthma, poUenosis, or other allergic manifestations do occur in tuber¬ 
culous patients but apparently not out of proportion to their occurrence in the 
nontuberculous population. However, it is suggested that confusion apparently 
arises from the fact that synnptoms of endobronchial disease, reduction of the 
size of the bronchial lumen, progressive intrapulmonai-y fibrosis with loss of 
vital capacity, emphysema, etc., are often not fully appreciated and, therefore, 
not infrequently misdiagnosed as “asthma.” In 1944, Oatway and his col¬ 
leagues^^ reported a series of internsting findings sho^ving a strong possible rela- 
tionsliip between endobronchial tubei’culosis and hyqiersensitiveness to non¬ 
tuberculous antigens. According to the opinion expressed by these investigatoi's, 
we are to assume that the presence of a hyqoei’sensitiveness to nontuberculous 
allergins constitutes a predisposing factor to tlie development of tuberculous 
ulcerative endotracheobronehial lesions. To what extent such a hypei'sensitive- 
ness may influence the ultimate prognosis of these tracheobronchial lesions, still 
remains uncertain. 

It is po.ssible that, after further clinical invastigations, this report of Oat¬ 
way and his associates may prove to be of considerable influence and significance, 
for up to the prasent time the exact nature of the underlying factors determining 
the occurrence and course of such tracheobronchial disease still remains vague 
or undetermined. 

Irrespective of the influence of liypei’sensitiveness to nontuberculous aller¬ 
gins, it is difficult, at prasent, to .subscribe to a theory' which states that an 
extreme hypei’sensitiveness to tulierculin predisposes a patient to the develop¬ 
ment of “asthma” or “hay fever” of nontuberculous origin on the one hand, 
or to some specific manifestation of tuberculosis on the other. To arrive at sucli 
a conclusion one would, among other tilings, necessarily imply that ceilain piT- 
detennuiing inlierited factors of susceptibility and immunity' for both condition.s 
would in some way he genetically linked, and no such relationship as y'et has 
been demonstrated. 

Finally', the relationship lietween the degree of intensity of the allergic 
reaction of hy'pei*sensitivity' to tuberculin, and the course or progress of tuber¬ 
culous disease in the indiridual, presents another quite controversial problem. 
To be sure, the ty'pe of disease is dependent upon the degree of allergy or anergy 
as we haA'e already' described, but it is a question lyhether the course of the 
disease is wholly' dependent upon the degree of hypei’seusitivity'. Is it not more 
likely' that the manifested degree of hypersensitivity' is dependent itseK upon the 
coui'se of the disease and the quantity of tuberculin discharged into the blooi 
and lymph sy'stems? _ . . 

There are certain factors inseparably' interrelated in any tuberculous in¬ 
fection ; 

1. The degree of racial susceptibility and immunity'; 

2. The resistance or “immunologic” state of the individual; 

3. (a) The quantity, and (b) The virulence of organisms attacking tie 
individual. 

Depending upon the relative strength and interplay of these factoi’S, the 
rate of progression of the disease will differ from one individual to ano1 icu 
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Similarly, it differs from one time to another in the same individual. There¬ 
fore, all tj-pes of tissue reaction are encountered side by aide in the same lung 
or organ of the same .subject, tirbaeh and Oottlieb (second edition) de.scribo 
three histologic aspect.s of tubci'culous h.vpcrscnsitivity: 

1. Progrc-ssive caseous t.vpc, rvhich occurs when there is excess tubcrculons 
antigen and only a small supply of antihodics; 

2. The exudative form, eansed by the pi-e.scnec of mueh tuberculous antigen 
and high antibody content; 

3. Proliferative type, resulting from the reaction between a relatively small 
amount of antigen and a lai-gc suppl.v of antilmdies. 

Assuming these hi.stologic findings arc the result of such varied antigen- 
antibod.v ratio relationships, it becomes less difficult to explain the cJinical, 
roentgenologic, and pathologic findings in a wide variety of patients including 
Imtli primaiy and reinfection types. 

By way of summarj’, it is justifiable to conclude that: 

1. As a result of a primnrA- tuberculous infection, a state of allergy or 
liiTicrsensitivcness to tulmreulin is developed and that the cutaneous tnlierculin 
tests correctly establish a patient’s hypersensitiveness to the pioduebs of the 
tulKirclo bacilli. 

2. There is a concomitant iinmnuity established, but Ibis immunity and the 
associated allergy are not inseparable. 

3. The type of the discaao depends upon the degree of allergy nr lack of 
allergy (energy) prc.scnt, 

4. A sudden collapse of a tuberculous lung may effect a sudden rise in the 
amount of tuberculin in the blood and l.vmph circulation. In eonseepience, there 
results a descn.sitisation to tulmrcnlin, i.e., autotubercnlinixation. 

5. During the period of autotubereulinisation a rnarkml increase in perifocal 
inflammation around all tuberculous foci ma.v so alter the physiologic state of 
the individual tlmt death may easuc. 

0. There arc still many controveraial points in no far ns nlloigy and tnlmr- 
culosis are related. 

It Is likely that these differences of opinion are the product of two fnetoi's, 
the lack of tliorough undeistanding of the science of allergy on the part of the 
phthisiologists, on the one band, and the lack of a thorough knowledge of tnlier- 
cnlosis on the part of the nlleigists, on the other. Afuch stiU remains to be 
learned almut this most interesting and fundnmcntnll.v important subject. 

CASK REPORTS 

Cass 1 (Fig. 2, A, 77, C, 77, 7?, F). —,7. B., n 17-year-old Negro man, was ndmitteil April 
11, lots, oomplainiag of conpb and expectoration. Tlio patlont stated tlmt lie was in good 
lieallli until 1042, u'lien a tonsillectomy was ndvisod, Tlio operation was planned for 
January, 1042, and a routine i-rny examination of tlio cheat was performed, and an active 
pulmonary tnlierculosis waa discoverad. He was ovontunll.v admitted to another sanatorium, 
^tay 7, 3042. An nrtlllcinl pneumothorax instituted July 2, 3042, was discontinued ns 
nelTcctual in April, 1043. A ieft temporary phrenic ner\-e interruption was perfornied in 
Reptomlror, 1043. During this perlorl iie dovelopecl a decided productive cough. The sputum 
"■as positive for acid-fast hncilli. Otherwise, he gninerl weight and experlenceil an un¬ 
eventful course clinically. 
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B. 


Fig. 2.—J. B.. a IT-year-oId Negro man. i n In lef^ 

A, SepL 9. 19-45. Preoperative roentgenogram showing extensive cavernous mo 
N ote scattered nodular Infiltrations In right lung (inactive for a period over one > arltedly 
, B, Sept 26, 1945. Postoperative film taken at time patient was becoming m 
dyspneic, with fever subsiding, Mantoux test negative, and patient morlbunu. 
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* (Cont'd)—C7, OcL I. 1046. Film f»lx daj’B later. Patient showed rapid clinical Im- 
st T«ie roentgenoffpam revealed marked clearlnr of “loflUratlona” noted (n fllm of Sept. 

Oct 22, 1946. Patient fully recovored clinically. Further abaorptlon of Indltratlona 
Kov baae, approximately one month since onset Note clearing on left side. E, 

chsn*ro Kw absorption of process on both tides. Clinical condition excellent iJtUe 

• comparison with fllm of Sept 9, 1946. F, Roentuenograni approximately one year 

process. Note open cavity on left aide. Patient refused further thoraccplastj’ 
Clinical condition excellent . 
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He Tras admitted to this sanatorium Axjril 3, 1945. The past history, family history, 
and occupational history' were noneontrihutorj'l The phj’sical findings and x-ray examina¬ 
tion here were compatible with a far-advanced pulmonary tuberculosis. He was acccptcQ 
by the surgical service for thoracoplasty^ and the routine pre-operative studies were per¬ 
formed. 

These included the following: 

Essential laboratory findings; red blood cells 4,960,000 per c.mm., white blood cells 
10,150 per c.mm., hemoglobin 92 per cent (Sahle). Blood tj^pe W, coagulation time 3V> 
minutes (Lee and White), Eh factor positive, polymorphonuclear neutrophilic leucocjics 
70 per cent, small lymphocytes 25 per cent, large lymphocytes 2 per cent, eosinophiles 1 
])er cent, basophiles 1 per cent, large monocytes 1 per cent, vital capacity 2 L., urine, no 
pathological findings, sedimentation rate 20 ram. in 60 minutes (Cutler), serologic examina¬ 
tion for syphilis negative. Electrocardiogram and heart examination, “Normal cardiovas¬ 
cular system; no contraindication to thoracoplasty.” Bronchoscopic examination, “No 
contraindication to thoracoplasty.’’ 

The first-stage thoracoplasty' was performed Sept. 22, 1945. The usual techniciuc was 
followed (two and one-half ribs resected) and the usual postoperative care carried out, 
including intravenous 5 per cent glucose and 500 c.c. whole blood. The patient experienced 
an uneventful course until suddenly, late in the evening, on Sept. 25, 1945, when he de¬ 
veloped an acute respiratory' emergency' associated with the signs of shock, pallor, and 
sweating. The skin was cold and clammy', a feeling of tightness and “collapse” in tlio 
chest was complained of and was associated with a cough and frothy' expectoration. 
Phy'sical examination revealed coarse bubbling rales throughout all lung fields. He was 
considered to be most critically' ill at this time. Supportive care, including intravenous 
fluids and oxy'gen therapy', and one transfusion, was administered. A Alantoux test was 
performed on Sept. 27, 1945, and showed no reaction. On September 29, considerable im¬ 
provement was noted; this improvement continued uninterruptedly' with complete recovery 
from the episode. A repeated Mantoux test was -positive, plus 2, Oct. 22, 1945, first 
strength purified protein derivative. 

The patient refused further thoracoplasty' stages and was'finally discharged agaimst 
advice, May' 9, 1947. At that time he was in c.xccllent condition clinically, 'fhe sputum 
was still positive for acid-fast bacilli. 

Ca.se 2 (Fig. 3, A, B, C, H).—M. B., a 2:;-year-old white woman patient, was admittcil 
with a chief complaint of fatigue and lo.'<s of weight. She gave the following clinica 
history': 

In January, 1943, her father and brother died of pulmonary' tuberculosis. Because 
of this, x-ray' examinations were made routinely' and two small cavities were demonstra i 
in the left upper lobe. She had been completely' asymptomatic up to this time. 

Artificial pneumothorax was satisfactorily' established and maintained for one 
when the lung was voluntarily' re-expanded “because the cavities were healed,” and m 
patient was permitted to return to work as a stenographer. She had worked for 
nmtely one year when she experienced a pulmonary' hemorrhage of moderate son 
T he only other symptoms experienced up to the time of this hemoptysis ivere pain m ^ 
left chest and slight cough with essentially' no expectoration. X-ray' examination 
larger cav'ities present in the left upper lobe. She was now admitted to a 
where an attempt to re-establish a pneumothorax was unsuccessful. No other co 
therapy was attempted. 

In February', 1945, she experienced a second hemorrhage. A left temporary p 
nen'e interruption was performed on Feb. 14, 1945, but this was not completely e ec 

in closing the cavities. ffectunl. 

On April 8, 1945, a pneumoperitoneum was established. This, too, was no e^^^ 
Boutine serial roentgenograms now revealed an involvement of the right lung . ‘ 
cavity' formation. An artificial pneumothorax was successfully' established on 
and the patient then w'as referred to this clinic for surgical collapse therapy to e (ir 
against the cavities in the left lung. 





'ung. woman. A, Preopemllve roentcenocram. Note cavity In left 

IhoSu^ Pleurat .ytnphjTiLi prciludod eff^unl Bnoumo; 

« re*ulUn?^?o?aSi,la2iv'S^f‘^S;!S° ••’oracoolautr being fearful of p^fbmt? 

deformity. B, Postoperative roenUrenogram. Nov 'D 

thora? JSSS were‘^"4'nMK.'* moribund Both Intra^leuril arid Sr^^euml pJ?unw 

*lJio ™P'aly abandoned and the lungs re-exponded to obtain oil iKwIhlP -von 

clinical negative. <7. Dec. 6. 184«. Marked ImprovJSeSt iS^e 

marked Improvement in roentrenograni, a» {iila 

« tlutt '-'i 
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Essential preoperative laboratory studies were as follows: red blood cells 4,820,000 
per c.mm., white blood cells 10,650 per c.mm., hemoglobin 92 per cent (Sahle), poljTnor- 
phonuclear neutrophilic leucocytes 66' per cent, small lymphocj'tes 33 per cent, eosinophiles 
1 per cent. 

Blood type: Landsteiner "O,” Moss lAE Coagulation time, 5. minutes (Lee and 
White); serologic test for syphilis, negative; Eh factor, positive; urine, no unusual find¬ 
ings; sedimentation rate, 9 mm. in 60 minutes (Cutler); vital capacity, 1.3 L. (weight 
87% lb.); electrocardiogram and heart examination, “no contraindication to major surg¬ 
ical operations.” 

Because of the patient’s very extreme fear of a thoracoplasty, an extrapleural pneu¬ 
mothorax was performed Nov. 23, 1946. The technical phase of the procedure was ex¬ 
ceedingly easy and quite uncomplicated. Postoperatively the patient’s course was cora- 
pletelj' satisfactory until late in the afternoon on November 2.3, when she developed a 
moderate apathy and the peculiar pale appearance which we have come to associate with 
the tjjje of condition we consider to be autotuberculinization. A Mantoux test was per¬ 
formed, which, after twenty-four, fortj'-eight, and seventy-two hours, showed no reaction 
of any kind. 

On Nov. 29, 1946, the patient had become extremely dyspneic, agitated, prostrated, 
an.d cyanotic. She was placed in an oxygen tent. The course thereafter, was progressively 
dow-nhill. Intravenous fluids and transfusions were administered. Eespiration became 
progressively' more “choppy” and labored. She was frankly comatose and moribund for 
three days. On December 1, near midnight, a very slight improvement was noted. This 
was more evident the following morning. Favorable progress, thereafter, was satisfactory 
and rapid. She was allow'ed out of the o.xy'gen tent at intervals on December 5, and finally 
was removed from the tent on December 6. 

This patient has essentially no memory of the events occurring during this period. 
By necessity the right lung was re-expnnded, as was the left (extrapleural). The Mantoux 
tests were negative on Nov. 26, Dec. 2, and Dec. 7, 1946, and positive, plus 1, on Dec. 
27, 1946. 

We feel justified in concluding that the Mantoux reaction was positive prior to the 
operation. The patient’s course has been satisfactory since that time and she has now 
successfully undergone a second-stage, five-rib, left thoracoplasty. The ultimate prognosis 
appears good for sputum conversion and complete recovery. 


Case 3.—B. S., a 29-year-old white woman, was admitted April 21, 1943, with a chie 
complaint of cough and expectoration. The present illness dates back to February, 
when the patient developed a “cold.” This, she states, was associated with fatigability, 
cough, expectoration, and a “sore throat” so severe that swallowing was quite difficult. 
She consulted an otolaryngologist who, after examination, ordered a roentgenogram, 
diagnosis of pulmonary and laryngeal tuberculosis was made. The patient was then 
admitted to the sanatorium. Except for pain in the left chest in 1938, the past and fami y 
histories W'ere noncontributory. 

Examination of the larynx showed extensive destruction, ulceration, and distortio 
of the laryngeal structures by fibrous contraction. The examination of the chest w^ 
suggestive of, and compatible with, an extensive pulmonary' tuberculosis involving > 
right lung. . 

X-ray studies confirmed the diagnosis which was substantiated by the finding o 
acid-fast bacilli in the sputum. - 

The preoperative laboratory findings were essentially normal. The sputum 
positive for acid-fast bacilli (intermittent); urine, no unusual findings; electrocardiogra 
and heart examination, “No contraindication to major surgical operations.’ 

The patient’s course in the sanatorium was ns follows: In addition to the 
sanatorium regimen, she underwent the • following collapse therapy procedures, n ^ 
artificial pneumothorax. May 31, 1943, unsuccessful; left phrenic “crush,” Aug. , ^ 

unsuccessful; left phrenic “crush,” June 7, 1945; first stage right thoracoplasty, 

1946 ; second stage right thoracoplasty', May 11, 1946; third stage right thoracop .> 
June 15, 1946. 
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Tho patient’fl flputum tlion ro»ivortc<l except for nn Qcenj<ionnl positive sputum, lie- 
cause of the intermittent positive sputum u revision tliorncoplastj’ wan declde<l upon and 
perfomiod followinp a technique ■unth slipht modification, ns described in nnotlier coni- 
muniention.ft 

This operation was performed March 15, 1P47. The postojwrallve convalescence was 
quite uneventful until Into in the eveninj; of March 10, when she progressively developed 
the chamctorisllc symptoms of d)*spnea, pallor, cyanosis, prostmUon, and modified delirium. 
She was pIaco<l in an oxygen tent ond given supportive treatment which included intrave¬ 
nous fluids and transfusions. Mantoux teats were performed on ^[a^cU 21, ifarch 27, nnd 
April 18, 1047. The lust was positive (plus 1) while those of ifarch 21 nnd March 27 
were negative. 

On March 28, 1047, nn antihlstamino mihstanco, Bcnadrj'l, was ndndnisterod and an 
Immediate profound improvement was noted in the patient’s condition. AVliethcr this 
medication contribate<l anything to the patient’s recovorii-, which was already progressing 
satisfactorily, cannot he claimed. It was, however, a rather unexpected observation. The 
oxygon tent was removed on March .10, and since that tin>o the patient lias progressed 
quite uneventfully. 

Case 4.—C. a 40-year-old while man, was ndmlltcil Aug. 23, 2045, complaining of 

excessive cough and expectoration. lie stated that he was in excellent health until August, 
1044, when, as a result of nn examination of the chest following nn accident, pulmonary 
tuboreulosls was dlscovorcd, lie was adnilttcvl to another sanatorium soon thereafter, 
where an x-ray and sputum examination confirmed this provisional diagnosis. In Doccmlior, 
1044, a right pneumothorax was cstahllshcd. This was followed by nn improvement in 
weight, a reduction In congli and expectoration, nnd a bettering of tlie patient's gonoral 
clinical well-l>elng. 

The patient later admitted that he had had a cough for several years prior to tills 
injury, had noted a 15-pound weight loss, had had ploorisy in 1D28, nnd bad expectorated 
blood in August, 1044. The past, family, nnd occupationnl liistorics wore nonoontrlbutory. 

Ho was admitted to this sanatorium Aug. 23, 1045. The right pnoumoMiorax was 
maintained. It was complicated by a pleural ofTuslon which vras aspirated as indicated. 
This was necessitated only at irregular Intorvols ns fluids accumulated quite slowly. 
Attempts to collapse the right lung oITectoally by pneumothorax were unsuccessful, and 
the complicating effusion unfortunately showed progress toward empyema formation. 
Bepeated thoracentesis, ro-expauslon of the lung, and n thoracoplasty were tlien advised. 

The first stage was performed Oct. 27, 1045. The preoperativo studios wore essen¬ 
tially normal nnd revealed no contraindication to thoracoplasty. Electrocardiogram and 
heart examination showed normal cardiovrascular system; bronchoscopic examination showed 
no contraindication to thoracoplasty. 

Course .—The first stage thoracoplasty wns performed Oct. 27^ 1045. Tho post- 
operative course was quite usuol and uneventful until the sixth postoperative day when 
the patient complained of dyspnea, appeared slightly cjTinotlc, was quite apprehensive, 
ptlo, and somewhat confused, and was definitely In respiratory physiologic distress. Oxygen 
and intravenous fluids (5 per cent glucose nnd normal sallno) were administered. A ifan- 
toox test performed at this time showed no reaction (purifle<l protein derivativo first and 
second strength). A positive reaction was not obtained nntil Dec. 2, 1045. The tbinl dny 
of the episode was the most severe nnd recovery was doubtwl. Tho patient was considered 
moribund but, following the third day, recovery was unusually rapid. This favoroblo 
progress continued and the patient was allowed out of bed in preparation for the second 
stage thoracoplasty. However, ho experienced pulmonary hemorrhage from the right 
(thoracoplasty) side, and a consequent acute dlsseraLnation to the left lung. A pneumo- 
orax was initiated successfully. The pneumothorax was maintained but this unfortunate 
sequence of events so delayml tho institution of further thoracoplasty stages that war 
conditions caused a further temporary curtailment of tho surgical program. As a result, 
® patient experienced a second polmonar}' hemorrhage, the results of which were severe 
and progressive, and he died Aug. 31, 1945. . 
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Tlemarks .—A complete serial x-ray scries on this case was mferfcred with hy the acute 
posthemoptysis dissemination to the left lung. However, the clinical course, the general 
reaction of this patient, and the presence of a negative Mantoux reaction and the nrailahle 
roentgenograms permit us to conclude that this case represents a bona fide example of auto- 
tubereulinization and we, therefore, feel justified in presenting it as such. 

Case 5.—F. A., a 24-year-old white woman patient, was admitted to this seta-ice March 
I.l, 1943, with a chief complaint of cough and expectoration. She stated that she had been 
perfectly well until October, 19.39. At this time she had experienced cough, expectoration, 
loss of weight, slight d 3 -spnea, pain in the cheat, and occasional franh hemoptysis. 

She was admitted to a sanatorium Dec. 19, 1939, w-here, in addition to the routine 
sanatorium regimen, she received: right artificial pneumothorax, Januarj’, 1940; left 
artificial pneumothorax, July, 1941 (ineffectual); and left phrenic nerve interruption (tem¬ 
porary), Aug. 31. 1941. The right artificial pneumothorax was continued snccessfull.y. 
The patient was admitted to the surgical service for left thoracoplastj', March 13, 194.'.. 
The first stage was performed IMaj- 11, 1943. The second stage was performed June 17, 
1943. A delaj' of two weeks beyond the usual three-week interval was necessitated because 
of a mild “reaction” postoperaliveh’. 

The phj-sical examination and roentgenograms were compatible with a pneumothorax 
on the right side and a giant cavitx- and extensive infiltrations in the left lung. 

The essential preoperative laboratory findings were ns follows: red blood cells 
4,610,000, white blood cells 19,650, hemoglobin 75 per cent (Sahle). Differential: pol.v- 
morphonuclear neutrophilic leucocj'tes, 65 per cent; small Ij-mphocytes, 22 per cent; eosin- 
ophiles, 6 per cent; basophiles, 1 per cent; transitional, 1 per cent; monocjTes, 5 per cent. 
Sputum, positive for acid-fast bacilli (smear and concentrate); sedimentation rate, 32 mm. 
in 60 minutes (Cutler); vital capacitj' (with pneumothorax on right side), 1 L. (weight 
106% lb.); coagulation time, 3 minutes; serologic test, negative for syphilis; electro¬ 
cardiogram and cardioexamination demonstrated, “no contraindication to major surgical 
operations.” 

Mantou.x tost, June IS, 1943, was negative. The i)atient died just after a fortj’-eight- 
hour observation of this one test had been made. 

The first-stage thoracoplasty was performed klaj’’ 11, 1943. Following this the patient 
experienced a period of markedlj' lowered clinical well-being, some dj’spnea, and a moderate 
degree of prostration. Other than the usual supportive measures, including intravenous 
fluids, the onlj- additional procedure necessary was the removal of all air from the pneumo 
thorax side (right). The patient made a rather rapid recovery and she was considered n 
fair risk when the second stage was performed, June 17, 1943. Following this stage t c 
patient returned from the operating room in good condition. Whole blood (500 c.c.) am 
intravenous fluids (5 per cent glucose) were administered with no immediate e\ent 
occurrence. However, that night, after 11:00 p.jt., the temperature rose very rapidlj' unt 
it reached 101.8° F. the following morning at 8:00 a.m. At this time the patient did no^ 
sliow any unusual findings. However, by 2:00 r.M. on June 18, marked cyanosis, precc « 
bj' a decided pallor and anxiety, developed. This was then rapidly followed by uu in^ 
creasing dyspnea, prostration, and agitation. Tlie temperature remained elevated and a 
other sj-mptoms and signs progressed. The follow'ing dax-, June 19, tliey became extreme. 
Eemoval of all air to re-expand the collapsed lung, nasal oxj-geu and oxygen tent, traiiS 
fusions, etc., were all administered without avail. 

The patient died June 19, at 9:40 p.M. 

Unfortunately, a post-mortem was not granted. 

This has not been proved to be a case of undeniable nutotuberculinization bu 
, sj-mptoms, signs, and clinical course were so typical that it is included among ' - 
reported, of course, with reserx-ations. 


DISCUSSION 


Aiitotiiberculmization presents a profound problem, for, at present 
appeal's to be no way by which the disturbing phase of the phenomenon 


j there 
can he 
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i)rcdictod prcopcnitivcly. AlthoufrJi two cases nro not roportcfl Iici-cin t>ccausc 
of iucoini)lclc data, there is almost conclusive cvulcnt'c tliat two of our paliciits 
(lied as n result of ovenvliclinin^r niUotuhcrculinization wherein not only the 
lungs themselves were severely ntTcctcd, but whcie tlic most predominant s\nn])- 
toniR were incningcjil and cerebral. ^Vc fell that in each of tlieso ca.Hcs, liad tlic 
cerebral and mcninpcal s^unptoins ftcinnic convulsions, etc.) not l>roug]it alnjut 
tlio death of these pationt.s, they would have recovered from their inilmonary 
involvement. It is possible to assume fiDiii these eases and incidents that the 
))i‘ognosis is influenced not only by the degree of the allci-gie innninmatoiy 
reaction rcsidting from massive tnhcrcuHiiirjition hut also hy tiic specific organs 
involved. 

The possibility that there was a ])rc*oxisting liypci-scnsitivity to nonlul)ci‘- 
culons nllergins has been studied in the eases hci'c i)i’esentcd. Scveml othois 
not presented and only one of tliosc presented admit to a liistory of “Iiay fever” 
or ‘^allergj’”; namely, the ease of if. B. (pollcnosis, to tall or low ragweed). 
This particular jmtient, incidentally, cxhihilcd the most stiiking and typical 
reaction of all living patients who had nutoluhcrcnliniziilion and yet .snndvcd. 

There is no apparent siicclfic trcjitmont. Oxygen therapy, intinvenous fluids, 
and transfusions appear liclpfnl. The ndministmtion of antihlstnminic drugs 
might he tried on an cx])erimcntal ha.sis. We omploycsl Benadryl on one occasion. 
Tlio result wfis di'nmnlic l)iit whetlior this dramatic im])rovcmcnt can ho 
altrihutod to the cfTcet of the Benadrj'l Is certainly open to doubt. 
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DISCUSSION 

DR, ARTHUR YORWALD, Snmnnft binke, K. Y .—J should like to ask Dr. Judd, 
wliether he has factual evidence of an increoae in tuberculin throughout the Iwdy. I 
« Quid like to know whether he has demonstrated excessive excretion in the urine, in tho 
*PQtuni, and in the blood of the postoperative patients whom he doscribea. 


DR. JUDD.—Tliero are a great many problems in this Held and a great many ques- 
lons to be answorod that are of special interest to tho thoracic surgeon. Dr. Vorwald 
Pf**ented In his question one of these which I cannot answer. I am sony that 
* *°^P<>«dble to say how much tul>€rculin ia In tho Pj-stom and how much is excreted, 
as am aware of no known a\Tiilal)le means of making snch determinations. 



CYSTIC DISEASE OP THE LUNG 


J. E. Strode, M.D., F.A.C.S. 

Honolulu, T. H. 

T he surgical treatment of pulmonary cystic disease coincident with surgical 
diseases of the chest in general has been recei\dng increasing attention. 
While the condition is relatively rare, it should not be lost sight of because of 
the dramatic response to surgical intervention in most instances. Koontz^ was 
the first in the American literature, in 1925, to draw attention to this condi¬ 
tion and since that time numerous articles have appeared discussing various 
aspects of the disease though no one has reported any large series of eases. At 
the Mayo Clinic, over a ten-year period previous to 1947, Moersch and Clagett^ 
reported forty-four cases of the bronchiogenic t>"pe verified by surgical inter¬ 
vention. This is the largest senes that I have foimd in the literature. 

There has been a great deal of confusion though much discussion regarding 
many aspects of this disease. It is frequently difficult or impossible to deter¬ 
mine whether or not a given cyst (or cysts) is congenital or acquired and what 
relationship it may have to some other pulmonai’y lesion such as bronchiectasis 
or lung abscess. 

As Naclerio and Langer® pointed out, the tenn cystic disease of the lung 
has been used to designate various pulmonarj’^ lesions such as congenital pul¬ 
monary cyst, cj'stic bronchiectasis, epithelized cavities following pulmonaiy sup¬ 
puration, pneumatocele (localized alveolar or lobular ectasia), chronic inter¬ 
stitial pneumonitis with emphysema, emphysematous bullae, and pulmonarj' 
blebs. They defined pulmonarj'- cysts as a pathologic entity that includes ab- 
nonnal localized distentions of the varioirs portions of the tracheobronchial tree 
and other discrete sacs originating from the interstitial portion of the lung. 

Edosk, Bernstein, and Parsonnet* defined cystic disease of the lung as anj 
condition in which the limg or parenclijuna is replaced by shaiTrly defined cavi¬ 
ties containing fluid or air. Moersch and ClagetU used the temr “pulmonary 
cyst” to indicate all those abnormalities of the pulmonarj*^ tissue in which cysts 
or cystlike structures of the lung or bronchi are found regardless of their patho¬ 
genesis exclusive of such specific entities as tuberculous cavities, parasitic c.i^sts, 
carcinoma of the lung that has undergone cavitation, and ordinary pulmonaij 
abscess. Mediastinal cysts are also not included. Their designation that a 
pulmonary cysts can essentially be divided into two chief types—tii'st, those t la 
originate from the bronchial tree and, second, those that are alveolar in origin^ 
seems logical and has the distinct advantage of simplicitjL 

Bronchiogenic cysts (Pigs. 2, 7, 12, 13) are characterized by their ve ® 
being made up of elements of the bronchus—namely, caiflilage, smooth muse e, 
elastic tissue, and mucous glands—and are lined by cuboidal or columnar epi 
lium which maj^ or may' not be ciliated. These cysts may contain fluid, P^’®' 
blood, or air alone or in combination. 


Prom The Clinic, Honolulu. 

Kecelved for publication Feb. 24, 1948. 
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Alveolnr cj’sts, on tlic other hnnd, do not possess nn cpitholinl lining but 
arc lined by nlvcolnr cells (Fig. 17) that arc compres,scd togotber to form the 
wall and they ahvaj'S contain air. 

This cla-ssificntion .seems ndeipiatc and will bo adhered to in this discussion. 

Proliably the vast majority of cystic lesions involving the lung give rise 
to no .sjunptoms and oidy some complicating factor draws attention to their 
pi-csence. This may result from : 

1. Infection. 

2. Ilemorrhago. 

3. Air liccomiug trapiiwl in the cyst, caiuing it to increase to sulTlcient 
size to produce embarrassment of tbe cardio-resiiiratory mechanism. 

4. Rupture of the cyst wall, resulting in ..simple oi’ tension pneumothorax 
with or without empyema. 

Undoubtedly all cy.sts or cj’stlike structures arc connected with a bronchus. 
This connection may be perfectly evident when the ey.st is udthin tbe lung 
pareuehjTnn and apparently has arisen within a broncluLS, but this communi¬ 
cation with the blob and bullous-like structures arising on the surface of tho 
lung may lie diffleult or imiiossiblc to demonstrate. Only by serial mierasoopie 
study have some oliscrvcrs been able to demoastrate this connection. If there 
were not some comiminieation between bronclnis and cyst these bleb-like stme- 
turcs would not continue to distend with air and would ultimately collapse from 
air alisorption for they rarely contain fluid. This communication with a 
bronchus invites infection. In twenty-two surgically treated patients reported 
upon by Dickson, Clagett, and McDonald,' all but tbrao were infoeted. In the 
hulloas tyjK! of ey.st, arising in tlio subvLseeral ])lcural areas, infection is less 
prone to occur, undoubtcrlly becautie of the small communication with a bron¬ 
chus. 

Hemoptysis in varying dcgicc is frequently observed. Ten of the twenty- 
two ca.se3 just mentioned presented Ibis comiilication. Usually only a blood 
tinged sputum is noted but the bleeding may be c.\.snuguinnting. 

IVlien the c.vst communicates with a bTOiichus by way of a valvelike mecha¬ 
nism so that on inspiration air is drawn into the cyst and on expiration tho 
air cannot escape, tho cyst will increa-sc in size to a greater or lesser degree with 
corresponding collajiso of the assoeinlcd lung and shift to tho opposite side 
of the mediastinal structures. Dyspnea and cyanosis may, and frequently docs, 
result but it is surprising to what nn extent this may take place without pro¬ 
ducing appreciable sjTiqitoms ns was the case in one of our patients. 

When the cyst wall ruptures, pneumothorax results which may produce 
iT.spiratory diUlculty particularly if it is of tho tension type. If the cyst is 
infected, empyema will result and many cases of this type have been treated 
without the nature of the primary lesion being suspected. Needless to say, un¬ 
less the ey.st is adequately dealt with, a successful-outcome is not to bo expected. 

SYMPTOilS 

With this brief outline of the pathologic aspects of the diaca.se, tho sj-mp- 
onis that arc produced arc not diffleult to aiiticipate. 
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■\Vheu the cyst or cysts are small and uncomplicated no sjmiptoms are to be 
expected and a diagnosis, if ever made, will be accidental and on the basis of 
x-ray interpretation. 

When infection occurs, and this is prone to take place when the cyst has 
an open connection with a lironchus, the .symptoms are those of recurring 
pneumonia or pneumonitis, clironic bronchiectasis, or pulmonaiy abscess with 
associated cougli, fever, chills, expectoi’ation of purulent sputum,, and leucocy- 
tosis. When a blood vessel is eroded or ruptured, hemopty^sis is added to the 
picture. With increasing size of the cysts the lung w'ill be compressed or de¬ 
stroyed and tlie patient wull tlien become dyspneic and cyanotic witli increasing 
degree as the lesion progrc,sses. As previously stated, rupture of the cyst may 
give rise to tension pneumothorax or empyema. Pain apparently is not an 
outstanding feature of the lesion but may occur, particularly if there is an in¬ 
flammatory involvement of the pleura. 

DIFFERENTIA I, DTAGNORTS 

A correct diagnosis of pulmonary ey.stic disease may be extremely difficult 
or impossible to make without surgical exploration. Keeping the pos.sibility of 
such a lesion in mind will go a long Avay toward arming at a correct interpre¬ 
tation of the picture. As might be expected from the syunptoms produced, 
a diagnosis of pulmonary tuberculosis is probably the most common error made. 
Lung abscess, bronchiectasis, siioutaneous pneoumothorax, empyema, carcinoma 
of the lung, substernal thyroid, and various mediastinal tumors may, all come 
up for consideration. 

DIAGNOSIS 

As stated, the history of pulmonary cystic disease contains no characteristic 
symptoms and neither does the phyAsical exaniination. The most important in¬ 
vestigation in these eases is, of course, by x-ray .study of the chest. This^ is 
frequentl.y confusing though at times quite diagnostic. If the cy.st is filled ivitb 
fluid its true nature can only be sui'mised; when the cyst is empty the diagnosis 
may be evident. 

Large solitaiy c.vsts frequently occur in very early childhood and they 
are characterized by large areas of radiolucency (Pig. 8) and may or may not 
show fluid. They are frequently travei’sed by linear strands of traheculation 
vdthout any evidence of pubnouary marking.s. When these cysts are balloone 
out by high intercystic pressure (Pig. 14) as is most likely to occur in the 
alveolar type, the picture resembles that of pneumothorax. TJie lung is com¬ 
pressed and there is greater or less shifting of mediastinal stinetures to ic 
opposite side. , 

When the lung contains many cysts, it is characterized by a honeycom ie 
(Figs. 1, 2, 3) appearance, vdth radiolucent areas of varjnng sizes. An im 
portant characteristic of pulmonaiy cystic disease is that the lesion or lesmiis 
are usually confined to one lobe or a segment of a lobe and that there is i 
or no inflammatoi-y change in the adjacent lung or pleura. Brouchography mof 
be of aid in determining the nature of the pulmonary lesion, 
the cyst has a sufficiently^ large connection •with a bronchus to pennit its i isi 
ization. 




Flfff. 1 and 2.—Cyats UivoU'lnff right middle lobe of lung nMoclatwl with nttacka of nevero hcmoply*l». 

Pllj. 3._iiultlplo cj'iU Involving right upper lung, caualng no ■>Tnpton» und found nccidvntJJly on routine x*roy examination 
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At times it is difficult even impossible, to determiue whether or not a given 
lesion is in the mediastinum or A\'ithin pulmonary tissue. Introducing air into 
the pleural caAuty, particularly if no adhesions are present, may he of distinct 
value in determining this point. 

Bronchoscopy offers little in the diagnosis of cystic disease but it may he of 
value m ruling out or affirming an intrinsic bronchial lesion such as neoplasm. 

Measurement of the intracystie pressure before and after a.spiration of 
air may or may not be of value in differentiating between a cyst and a localized 
pneumothor’ax. If the cyst is connected udth a bronchus no decrease in pres¬ 
sure following aspiration of air will occur, while a distinct reduction is to be 
expected in localized pneumothorax. If the cyst is of the alveolar type rvith 
minute bronchial connection this drffereirtiating evidence prolrably will not be 
manifest. Introducing iodized oil directly into the cyst will outline its AvaU, and 
strands of tissue traversing the cyst may be well visualized and be of distinct 
aid in diagnosis. Some observeis consider the visualization of these strands to 
lie pathognomonic of the presence of cj’-stic disease. Puncturing such cysts is 
not Y-ithout danger because of the possibility of infecting the pleural cawty 
or of producing tension pneumothorax. Thoracoscopy has the same inhex'cnt 
dangers and probably does not add enough additional information to justifj' 
its use. 

As Maier and Haight® and others have pointed out, the differential diag¬ 
nosis between large infected solitary cy.sts and empyema is at times extremely 
difficult, even impossible, to make preoperatively and the time nature of tlie 
lesion, even at operation, may not be recognized. With the present infre- 
qaency of empyema following pneumonia due to tlie u.se of antibiotics, tliis 
problem is less frequently encountered. 

In cystic disease in contrast to the picture ])roduced by empyema, tlie out¬ 
line of the cyst is more likely to be spherical. Eegardless of the length of time 
of infection there is usually little reaction either in the pleura or surrounding 
pulmonaiy tissue. Strands of pulmonary tis.sue are frequently seen traversing 
the cyst and cysts may be evident in other parts of the lung. 

At operation, lack of pleural reaction is noted and the cyst Avail is tjqiicallA 
shiny, smooth, and glistening in contrast to either an empyema or abscess cavitA 
AA'here the pleuiTi is thick and the Avail of the caA'ity is edematous and gmnular. 
If doubt exists as to the true nature of the lesion a biopsy of the Avail should 
be made since the presence of ciliated epithelium leaves no doubt as to the 
correct diagnosis. 

]\Iaier and Haight® have found that if the condition is not recognized an 
is treated as an empyema, a striking feature in the postoperative course is the 
failure of the cavity to diminish progressively in size despite adequate di’am 
age for months or years. The cavity tends to retain its spherical form; t ic 
pleura shows relative lack of thickening, and the diaphragm is not elevated to 
the extent that occurs in empyema. The discharge from the cavity o « 
drained cyst is mucoid and less purulent than that from an empyema. 

All individuals whose cystic disease produces symptoms should m a 
prohahility be .subjected to surgciy if they are physically fit. In indiv idua s m 
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whom the disensu is moii! or less round iieeidentidly diuiii({ the course of u 
routine examiuHtiou, tliLs ndvice miiy he open to iirgiimeiU. Serious comjilicii- 
tions, ns previously iuenlionc<l, may w-cur, and some ohsor\-eis are of the opin¬ 
ion that mnlipinncy is prone to take place in the cyst wall. The surKcon is 
usually spared the resiKUisibility of ninkiuK the decision hy tho patient’s re¬ 
fusing any oporativo inten’ention, if he is nsynii)lomatic. 

CAKK IIKI-ORTS 

Cask 1.—A ^njinnoito j^rl, tiRoU lli ypnn<, rtmt canm uDtlrr tiluvimtion od Oct, 21), 
1D4C. Tlie pnth'nt’H illnpfw hjul l«*pnn two luontlm prorlously with fovor^ BWCJitp, productivo 
of thick murnpurulont Hputuni, nn«l on ono occnulon nho oxpoctorntcil n anmll nmount 
of bright rctl blooil. \\nipn ,T or 4 yptira of ngo, tho putlont tlcvrlopc<l pncunionin followed by 
pUA in the left nldo of tho cheat which hnd been dniined aurpcally. During tho recent 
lllnewt phe lind l>een hoapitnllrcfl by her fnnilly phycieifin who had nmdc a diHguoaie of left 
lung ahaeew and treated hor with iw»nieiIUn for Hevernl weokn without iiiiprovcntent, Ro- 
l>oated cxanilnatlon of ppnluni hod aliown no tuljerrlo bacilli, 

On pliyaionl examination there wna dullneaa to |►crouf«lon In tho left lower part of tho 
cheat with absent breath sounds. X-ray [drturea of tho cheat phowed a large cavity with a 
fluid level which occupied the lower half of tlic lung Hold (Flga, 4 and 6). 

Tlio patient hail lost conpldornhlo weight and hnd a daily torupemturo of Id)" to 100" F. 
It was thouglit beat to drain the abaceaft cavity, which would aluo penult a certain amount of 
Inveatigatlou of tho lesion aa an aid in delcnniniog tho future course to purauo. Accordingly, 
on Nov, 2, 1045, portions of the eighth and ninth rib# in tho axillary area were reiectcd and 
the cavity entered through adherent plcunu* The cavity contained thick pus. Its wnlla wore 
smooth and velvety and gave t!io appearnneo of a cyst rather than a Inng abteeaw. 

Tlio patient niado satisfactory lmpro\*cnient following the drainage operation and three 
monflw later tho loft lower lobo which contained many cystti of rarying site was removeil 
(Fig. 0). Tlie patient’s pcwtoperatlve coun*e was prolonged by tlio dovclopmont of an 
eaipyoraa but sho made a good rocovoiw' and Las e-lnco roroalnofl well 

Pathologic Tiegort ^—Tho spocinten, conBlsIing of tho left lower lol )0 of tho lung, coni 
talned sovcml largo cyatlike structures, flic largest of which measured 0 cm, in dianiotor. On 
section these cystlike structuro.i were found to be dilnte<l brondil wlildi were thickonod in 
Bome arena and thlimed In otliers. The surrounding lung tissue showed areas of atelectasis 
and emphyBoma, Histologic exnminotion of tho lung showed a typical brourhiectatlc process 
wUidi represents a dironio inflammatory reaction, modemto flbrusia, cystic dilatation of 
bronchioles, and chronic compensator^’ emph^*soma (Fig. 7). 

Cabb 2.—J. if., a 2^-montli-old baby girl, was first soon at Tlio Clinic on ilarch 27, 
1940. Tlie patient had been well until the past two weeks, when tho parents noticed that sho 
was luiving Increasing respiratoiy' distress. Breathing had liccomo rapid and elmllow and 
the imtient cyanotic. Examination revealed liypcrresonancc to porcosalon over the left side 
of tho chest with absent breath sounds. Heart sounds were l)cst heard to tho right of the 
Bternuni, X-ray view of tho chest showed tho left pleural cavity devoid of lung markings 
with displacement of tho heart and other mediastinal structures to the right (Fig. 8). It 
woe thought that tlie patient was suffering from either cystic disease of the lung, spontaneous 
pneumothorax, or a largo dinpiimgmatlc hernia. Barium by mouth and per rectum revealed 
nothing suggesting a herniEu Aspiration of 276 c.c, of air from tho loft side of the chest 
caused no dmnge in the patient’s symptoms or x-rny findings. Under local onosthesia, a 
musliroom catheter was inserted into the chest and subsequent x-my studies showed tlmt tlie 
catheter had enteretl a pulmonary cyst but tlmt there wore other mucli larger cysts that 
Were stil l distended. Some improvement in the patient’s condition occurred but this was not 

•Operation by Dr. Bunre**, 
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KifT. 6 (Case 1).—Left lower lobe of lung removed at operation, filled ^^dth 
bronchiogenlc type. rolumnar 

, Fig. 7 (Case 1).—Photomicrograph of cyst wall showing A, pseudostrat e 
epitlieliuni; B, bronchial cartilage; O, emphysema; D, fibrosis. 
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lartlng 80 the cnthctor wtu* roninvisl nfter four onj the jmtient’s rpj<pimtor)' distresa 

and cjTinosia vrerc rellewl by intorniUtent nwpimtlon of iiir from tlio e\T(t8. Tlio patient's 
genernl condition ^tis oxtrcniely poor from the beginning so thnt any ninjor oiK*ralivc inter- 
ferenco senrcoly wicnicd justifloil, nnd \urinus supportive mcnsurcH did not improve tlio 
situntion, ns might lie expeeled. T\to neeks foitowing attempt nt relief of intnitbomcic 
pressure by cnthoter drainage, it \vj»s decide«l tiint more rndicml nicnsures wore in order 
liocnase the rysta had become infoi*t<\l nnd the imticnt's condition u-as, to say the least, not 
linprove^b 




nsr. 0 (Case 2).— PhotOKmph of left lunjc removed at operation: upper lobe at left- 


Xindcr local anesthesia, the sixth rib was resected nnd tho loft lung, containing the 
<‘y»ts, easily delivcrod and removed (Pig. U)-* Since there wore no adliesions between the 
cysts an d tho parietal pleura, It was easier to remove tho whole lung than tiro involved long 

•Operation br Dr. Burecss. 
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Fig. 10. Fig. 11. 

Fig. 10 (Case 3).—X-ray view oC chest showing dense shadow In left lower chest (atelec¬ 
tasis or fluid). 

Fig. 11 (Case 3).—Bronchogram of left lower lobe showing dilated bronchi (bronclilo- 
genic cysts). 



tlon. 
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lolw. Tlio clioat wai dmlnol. The paticnt^hl well for tin* first four postopomtlvc days. Tlic 
reapimtor)’ emltarmwimpnt and aeooinpanylnp ryfliiOHis wore rellovcKl. However, she npnln 
became cyanotic and x*my study sliowcil nn Increaslnp almdow about the heart and a 
dlagnoals of pericarditis waa substantlntcil by pericnnllnl napimtion. 

The patient died on the coventh poatopemtlve day nnd autopsy revealwl marked purulent 
pericardltlfl cultures from which showed pure Staphylococcv^ aurmn. 

Sections of the cyst showeil It to l>e lined with ciliated columnar epithelium and (ho 
walls were typical of the bronchlogenic type. 

CA8E 3.—V. S. wns a 13-yoar-old Clilnose Kxeept for pneumonia at tho ape of 

2 years tlie patient was well until tho aRe of 7, when she “etiught cold” and devplo|KMl a 
cough accompanie<l by spiking fever which Insleil for lliree months. After this time the 
history’ was one of repented prolongctl head colds with cough prmlurtive of mucopurulent 
spntunij associated with low^grado fever. One year previously the tonsils and adenoids had 
l»een TemovtMl aud following lliis lUe symplonta had Iteen aggravated, with ]>ain In tho left 
side of the chest at intervals. At Iho lime of exnminntlon and for se\’eral da}’B previous to 
surgery, while hospitaliied, tho temperature varied between DO* nnd 100* F. 

Phj’Bical examination rovetileil coarse nnd fine rales over the left lower chest In the 
axillary region and posteriorly. There wns dullness to itemisslon over the Imse of tho lung 
on the left. Rputum examinations for lulHTcle Imcillt were negative. X*my view of tho 
chest slioweil a dense shadow In the region of the left lower lobe due to eitlicr atelectasis or 
fluid, nnd bronchograms slioweil bronchiectasis involving the left lower lobe (Figs. 10 and 
U). 

Previous to surgory, postural dniinagr was nttempteil but wns unsuccessful. For forty- 
eight hours Iwfore operation t!io patient wns given 20,tHJ0 units of penlplllin every four hoars. 
At operation on June 10, IWO, tho left lower loin* nnd lingula were removed. Tho lingula 
wta completely atelectatic but contained no bronchiectasis or cystB. The lower lol>e con¬ 
tained many dllateil bronchi (cysts) filled with mucopurulent fluid, tlie largest of which 
measured 8 cm. in diameter. There were focal niras of atelectasis, dlluteil and thlckcneil 
bronchioles, and multiple miliary abscesses (Fig. 12). 

Tlie patient made a good recovery and has since remained well. 

Oase 4.—J. M., a 20-)'oar-old white man, wns first seen at The Clinic* on Bept. 0, 
1033, with a history of intermittent miM hemoptj'iis of Iavo years' duration. X-ray nnd 
fluoroscopic study of tho cliost revealed cloudiness in tho region of the right middle lolie, 
the nature of which wns in duuiit. Tulwrculosls wns suHjiecttMi iiut no CN’idence to support 
this suspicion could Ikj elirileil. The cloudlnesH In the right side of tho chest grnduiJly 
cleareil up but tho patient contlnueil tn have frequent l>outs of colds imsociateil with cougli 
and expectoration of bbiodstrcakiMl sputum. Tn the early jwvrt of 1043 whllo living on 
another island tho patient developed modomto exerlloiml dyspnen without other symptoms 
ond, following x-ray examination, he wns fold flint he Imd a coUapsctl left lung. Findings 
from a bronclioscople examination at this time were reported (o lie negative. 

Tn December, 104fi, the patient was nguln hospitalised* liecnoso of nn upper rosplrntory 
infection. X-ray study of the chest at this linu* suggested that the patient had n spontaneous 
collapse of the left lung possibly associated with cystic disease. 

A needle was Introduced into the left chest and pressure readings ranged from plus 
G cm. of water to ralnna 5 cm. of water, and tids did not diange after withdrawal of 300 
c-c- of air and finally COO c.c. It was felt at tlds time that the needle was in communication 
^'th a bronchial fistula, whether by way of the pleural cavity or by wny of a cyst seemetl 
* abatable. From subsequent findings at operation the needle undoubtedly was within a cyst. 

pictures showeil strands of wimt wa« thought might be adlicsions between 
B collapsed lung nnd chest wall, "WTUi tho Idea in mind that posMthly an adhesion miglit 
a contrllmting factor In keeping open n hronehopleurnl fistula and, if so, severing It 
^»gl>t he ad\'nnlngeon8; thnt we might Iw nhlo to sec the fistula, if present, nnd that if we 

•By Dr. IXx)lIttle. 
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Fig. 13. 


Fig. ll. 


Fig. 13 (Case 4).—Roentgenogram of che.st showing collapsed left lung with 
ment of mediastinal structures. The lower cyst wall has been outlined following in 
of KM c.c. of blood Into cyst. 

Fig. 14 (Case 4).—Photograph of largest cysts removed at operation. 
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Fig. 15. 


Fig. 1C. 


Fig. 15 (Case 4).—Drawing illustrating condition found at from preS" 

cysts (aU’eolar type) arising from the upper lobe. Both lobes of tlie lung c p 
sure by the cysts. lA and F) thjn 

Fig. 16 (Case 4).—Photomicrograph of cyst wall (alveolar type) „nj (P) falrh 

membrane of proliferated alveolar cells, ((7) atelectatic and anthracotic lu g, 
Honnal-appearIn& lung parench>Tua, 
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were dealing willi cyetic nbytvM of tlio lung tliia n»lgl>t l»e delerniine<l, n tliomcoscopy wm 
done. 

The tiinmpowrope, which ntin Introduced anteriorly nlxivc tho nipple in the flccood 
Intcrepaco and nlpo In tlic nxlllnry area in Iho third Intorspacc, andoubtotlly entered directly 
Into the largo liallona cnrlty that nulw*quonlIy found at operation. No ndhet^ions (Imt 
^cere amenahlo to eauterimtinn were vls\inli£e<1 and no lljitulous eonimunlcntion wltli n 
hronchu# could Iw found. Tlie fnct wna not appieelntfs! Hint tho thorncoscopo had entered 
a tremondoup ulveohir type of cyat. It wan etlll Iwllcved that prnluilily a tension pnounio- 
thopoi waa lM?ing dealt with whicli had completely collapwNl the lung and that falluro of the 
lung to re-expand wop due to a pleural flctnln nminining patent. With the liojte of wttlng up 
a pleural reaction thnt might Ive prwluctive enough to nid in closing u anmll bronchial flatuln, 
Ihfl c.c. of the patient’« own bltxHl in 5 c.c. of aodiunj citrate wan lntro<luceil into the left 
chest. Ttocntgcnogmnj following thin procnlure, it wm* felt, dellnitcly outHnetl a eynt wall 
(Fig. 13) and it waa dccidml tliat exploration of the chest was indicated. 

On Jan. in, lb47, tho chest wim explorotl through a lateral Inrislou, reflecting tho 
seventh rib. 

Two immense eystllke Htrui'lun>s fllletl with nir and sc\eml smaller ones were found, 
completely filling the left eho^t (Kigs. 14 and lo) nnd arising from the left upper lol)c. Both 
lolxa \Tcro eoojplctely mlhipM'tl, Ifelng con»j>rvsse<l ngnlust the nie<liaHtinal structures. Un¬ 
doubtedly these bullous structures sinJtdy represented! riweral pleura thnt hnd l)een liftetl up 
from tho lung and continucil to distend with nir l>y a ball vmlve misdinnism eomtuunienting aitli 
hrtmehioles. ^\^lo^o these c\ntle structures were nttnebeil to the lung then* wns no wall— 
simply eomprewd tdvooH. No gross eonmiunicnUon wltli broneiii ams visible. These bullne 
were easily reniove^l and the imms of denude<l lung were sewn ot-cr with ntmumntic chromic 
cotgut. No lung tissue wns sarrificd'il. It was gratifying to see liow eomplctely the lung 
distended! nnd filler! tho entire chest umler ftositixe pressuro througli the intmtmeheal tulte, 
oven though it Imd IxH'n cnllapstdl for ii |M‘rio«! of four years. Mlcra-eoplc study couJlrntod 
tho diagnosis of alveolar ty{K) of cjtit (Fig. iC). 

The patient made nu tmoventfu! ]»ofltoj>emtlve recover^’. Sul>sequent x-ray studies 
showed the lung completely exjiandcd and the patient to date (one yenr postopomtlvely) baa 
reniflinod well. 

This case illustrutCH liow little diseomfoii the pnticiit may experience from 
Cystic (lisensG oE the lung even though complete collniwc of a lung takc« place. 
Tills undoubtedly wm due to the insidious progress of the disease nnd to tho 
small amount of nicdinstinal disploeemeut thnt took place. This is also a gootl 
example of how completely n lung will re-cxpnnd after Iwing collopscd for years 
so long as no infection has occurred to pmlucc plcuml thickening or inflammn* 
toiy reaction in the lung i)arencloTna. 

DISCUSSION 

It is evident from a perusal of current literature and from our limited 
experience thnt the clincial entity of pulmonarj' cystic disease even when pro¬ 
ducing sjTnptoms frequently remains unrecognized. This is largely duo to the 
relative infrequency of tho disease nnd the clinicians’ corresponding lack of 
ficuity in bearing the possibility in mind. Since the lesion commonly occurs 
m infancy and early cliildhood, the onset of dyspnea and cjmnosis in the ab- 
wnco of a cardiac lesion to account for those symptoms should arouse one’s 
suspicions regarding pulmonniy cystic diaonse. At any age spontaneous pneu¬ 
mothorax or x-ray findings indicative of this condition should suggest such a 
possibility. Patients udth hemoptysis in whom tubercle bacilli are constantly 
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absent fi-oni the sputum and whose x-ray pictures are atypical should be cave- 
tully studied Avith the possibility of cystic disease in mind. 

All patients in whom a diagnosis of empyema is made, particularly those 
who do not give a typical histoiy of previous pneumonia, should be carefully 
scrutinized for the possibility of cystic disease as an etiological factor. Lack of 
the usual pulmouaiy and pleural reaction arovmd a suspected lung abscess or 
empyema or other suspected inflammatory lesion of the chest should tyouse one’s 
curiosity as to the possibility of cystic disease. An adequately drained lung 
abscess or empyema that does not respond well should be explored and the wall 
of the cavity biopsied to rule out cystic disease. 

After all is said and done, the fact remains as evidenced by reports from 
many outstanding chest clinics, that pulmonary cystic disease masquerades 
under the guise of many other diseases and that even in the hands of those 
most competent the true nature of the lesion maj^ long go undiagnosed. Bear¬ 
ing in mind the possibility of this condition being present null go a long way to¬ 
ward preventing a mistaken diagnosis. 

It is particularly desirable to diagnose these lesions correctly because of 
such gratifying results to be expected from surgery. It is mandatory that some 
of the more acute cases be recognized quickly for any therapeutic measure to 
be life-sa^dng. 

ADDENDUM 

Since this paper ■svas prepared, two additional patients witli pulmonary cystic disease 
have come to surger}^ One, a 13-year-old boy with cysts of the bullous 0^)0 involving the 
left lung and causing respiratory embarrassment, made an uneventful recovery following 
pneumonectomy. The second, a 16 - 3 ’ear-old Japanese girl, who had been under obaen'ation 
for several months with an increasing shadow in the right upper apex, came under my care 
after the cj'st had ruptured into the pleural cavity. Following the subsidence of this acute 
episode, she made an uneventful recovery following removal of the right upper lobe. Tins 
represented the bronchiogenic type of pulmonary cystic disease. 
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GLOIIUS TUMOH OP THE MEDIASTINUJI 

0. V. BniNDi.EV, Jr., 5I.D. 

Tempi.e, Te.xas 

W OOD,’ in J8]2, nindo tlie origiunl clinical description ot glomus tumors 
but Jtasson,’’’ in 1924, was the first to describe accurately the noiminl 
glomus and to indicate the relationship between this structure and the glomal 
tumor. Since thc.so original descriptions, relatively few cases have been re¬ 
ported. These tuniois oecur most frequently in the c.vlremitie.s and I have 
found no rcimrt in the literature of a glomus tumor of the mediastinum. 

The normal glomus consists of scveml component part.s, the afTorent 
arteriole; the anastomotic vc.ssel or Souquct-lloyer canal; collecting veins; 
numerous, nonmedullatcd nenos; and the reticular supporting structure of the 
glomus. 

PopofP reported that the glomus is absent at birth hut develops rapidly 
postnatally aud begins to undergo atro]>hy around GO years of age. Apparently 
the normal function of the glomus is to assist in the regulation of heat in the 
body and control of blood pressure. Heat control is probably the main function. 

The glomal tumor represents a benign hyperplasia of all the elements in the 
normal glomus. Distribution as to sex has been about equal and tumors have 
l)oen reported in patients from 1 to 80 years of age. 

Tumors ot the neurom.voarterial glomus are small in sire, varying from a 
few millimeters to 3 cm., and their color is asually purple or deep red. These 
lesions occur rarely in Ncgixica and some* feel they arc more frequent in Jews. 
The etiolog)' of glomus tumors' has not been established, although some ob¬ 
servers report a 40 to GO jrcr cent incidence of trauma prior to the development 
ot the tumor of the glomus. 

Pain is the outstanding symptom and is usually spontaneous or easily 
induced by slight pressure. Most of the recorded cases have a history of rather 
severe painful crises with radiatioir of the pain. 

Glomus tumors are coirsidcrcd benign and I have not found any ropoi-t of 
a case in which metastasis has occurred. These lesions are radioresistant and 
neither x-ray nor radium has been successful in their removal. Due to the 
benign, localized nature of the lesion, complete surgical excision is the ideal 
treatment and results in a ponnaneirt cure. 

I wish to present a report of a imtient who had glomus tumors removed 
from the mediastinum and the right lower extremity with complete relief of 
sj-mptoms. 

CASE REPORT 

A 20-year-otd white woman enteretl the Clinic Feh. 30, 31U7, wltli tlio clilef coraplnlnt 
of pnln in tlie riglit lower part of the client for nine yearn. Tlie pain won alwayn present 
hut not constant In Mverity. It wns sharp nnU nssociatetl with paroxysms of rather eevero 
ruin, requiring sedation for relief. Conghing or motion increased tlic discomfort and lienf 
seemed to lessen it. 

Received tor puhllmtlon Ang. it. 1B48. 

3^01 the Department ot Surseo' ot the Feott A Wlilto Cllnlo, 
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Flgr. 1.—Glomus tumor ot mediastinum. Intercommunlcatlne vascular spaces surro 
by glomus cells and collagenous tissue containing neural fibers. (XlGO-) nheis sur- 

Fig. 2.—Glomus tumor ot mediastinum. Hyallnlzed fibrous tissue and ner\e 
rounding vascular channels. (X440.) surround- 

Fig. 3.—Glomus tumor of the leg. Glomus cells In collagenous retlcuiun 
ing vascular spaces. (X440.) qnnces glomus 

Fig. 4.—Low-power view ot glomus tumor ot leg, showing large vascular p 
cells, neiwe fibers, and supporting collagenous reticulum. (X160.) 















nnrNni.Fr\', .ir.: oix)mits tumor of mtoiastinum 4iy 

Print history rprcnlwl that In lD4r> thin {mtlcnt hml n tumor approrimntoly 1 cm. in 

sire renioTeil from tho rl^ht j^roln. This IcHion wns quite lonJcr, roundetl, nud purple in 
colorj aho '\‘nn told that it wan a hcnianj^lonin. In January, 1047, aho dcrclopcil aovcml 

other aUnllnr tumom on the rlRht lower extremity, extending from the mld*tUigU to tho 





FIff. 3.—Marked ihickeninpr of artermi nnll® nt the porlpiicr}' of tlio Rlonms. (xlCO.) 





llluitratlon of tlie alomun tumor of the medlnrtlnum and four ctomuj tumora 
of tlio Icff. 
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Physical examination revealed extensive mottling and pigmentation of the skin of the 
right chest wall from heat. Hyperesthesia was present over the right thoracic seventh to 
twelfth dermatomes. There were four rounded, purple, elevated, tender masses on the right 
lower extremity. These were all approximately 1 cm. in size. Two were on the thigh, one 
just below the knee, and one near the ankle. 

Laboratory tests, including urinalysis, complete blood count, Mazzini serology test, 
spinal fluid examination, myelograms, and dorsal spine x-ray views were normal. Chest 
roentgenograms revealed a soft area of increased density originating close to the spine, in 
the posterior mediastinum, extending from the eighth to the tenth dorsal vertebrae. 

On March 13, 1947, an exploratory thoracotomy was performed. When the left pleural 
cavity was entered, a tumor, approximately 5 by 3 cm. in size, was visualized just lateral 
to the eighth dorsal vertebra. The pleura overlying the tumors was incised and the tumor 
removed. It was apparently attached to the eighth intercostal nerve. Subsequently, the 
tumors from the right lower extremity were also removed. 

The gross and microscopic appearance of the tumor removed from the mediastinum 
and those removed from the leg were identical and diagnosed by the pathologists as glomus 
tumors. Several prominent pathologists* in this country studied the tissues and all con¬ 
curred in the diagnosis of probable glomus tumors. 

Microscopic examination under tlie low-power objective showed the tumor to he en¬ 
capsulated by connective tissue. The central portion consisted of intercommunicating vascular 
spaces lined by large cuboidal endothelial cells. Near the vessels were the large clear 
epithelioid cells, or so-called glomus cells. Surrounding the vascular spaces and among the 
glomus cells were numerous nonmedullated nerves. A tibrocollagenous reticulum formed the 
supporting structure for the tumors. 

The patient’s convalescence was uncomplicated and there has not been recurrence of 
either the tumors or pain. 

CONCLUSIONS 

1. Glomus tumors are benign hypeiTilasias of tbe normal constituents of 
the glomus. 

2. These tumors occur most frequently in the extremities but may occur 
elsewbere in the body. 

3. Due to the benign, localized nature of glomus tumors, complete surgical 
excision is the ideal treatment and results in a pennanent cure. 

4. Glomus tumoi’s are radioresistant and radiation therapy is not effective. 

5. A report has been given of a patient who had a glomus tumor of the 
mediastinum and similar tumors from one lower extremity removed with com¬ 
plete relief of symptoms. 

6. A review of the literature did not reveal a previously reported case of 
a glomus tumor of the mediastinum. 
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ABSTllAOTS 01^’ J’APKIJS ItKAI) AT TilK TWKNTV-NINTII ANNUAT; 
51KJ*]TIN(; OF TliV: ASSOCIATION FOIl TIIORACTO SURGERY 
AT NEW ORLEiVNS, UA., MARCH 29, 30, AND 31, 1949 

1. THE SUJtaiCAL COnitECTION OF CONSTItlCTXVE PEniCAltHITIS. Emiij; Hoijian, 

M.D., Sftn FninelMO, Calif. 

In -Co roiKjrttnl o|K;mtlonn for countrlrth-o iKrlrnnlitu*, 1*1 ilcatliH oworml on llio op- 
cmtin^; table, -10 dcntlifl CK^eurroil In tlie early poi«lo|>omtivo ])CTiod, IIS putlonts were con- 
Biilcrcd enroll, and 44 pationtB hnprovoil. 

Althongh tUo thlrkuOM of the dlBcaoctl pori«*nrdium vnrioH con>*ldcmbly in dllTeront 
arms, a satisfactory and adequate perienrdlectomy must Inclutlo excision of the pericanllum 
over tho loft ventricle, over the ri^ht ventricle anti auricle, and over l>oth vonne cavuc. Tlio 
inferior cardiac l>order must Imj lil>omtoil by excision of ihn usually greatly thickened porl- 
enrdiuni lying between the heart and tlie dlnplirngni. Fnllore to relieve constriction of tho in¬ 
ferior vena envn may result in failure to correct useltcs. Persistence of nscites following i>ori- 
ennilectomy Is cvidcnco of nn Inadequate dei-orllention and demands rco|HjmtIon and rcmo^'nl 
of nioro sear, rather than an oDicnto(Mixy or Talma operation. 

To achieve the exposure necessary for an adequate insjKsdion and decortiention of the 
lietut, a meillan sternotomy with tninsverse division of the Htemuni in the ?ccnud interspace 
is recommended. The sternum is reapproximnted by soveml stainless stool auturos inserted 
through bone, not through avnseular cartilage. 

TliO wound should Ik* dmined, preferably rato the right pleuml sjmec, from which tho 
fluid can bo rcmoveil either by asplmtioii or by inten-ostal dminugc. (Pa|K*r illustratCHl liy 
motion picture of tliieo decortications—12 minutes.) 

2. A MimiOl) FOIE FA'POSUIEE OF THE CAHDIAC HEPTA. F. D. IXUtruLi., M.I)., 

I>etroit, Miclu 

A method has been used cxivorimentnlly by whirli tljo elmmbor of tho heart, cither tho 
right atrium or tho right ventricle, is o[K*ned, tho septum exposed for short Intervals, and the 
Incision closed. An Instrument has l>een made which consists of a ring damp on tho distnl 
end. The clamp la used to bring tho Intorul walls of the atria in apposition to tho septiun. 
The incision is made within the ring, which excludes tho circulation from this area. Portions 
of tho atrial septum have lxH?n excised and the defect closeil. Tho ex])Oflure of the vcutrienlar 
septum Is more difficult but has l>eeu nccompllshcd with the same instrument. 

3. THE CHOTOE OF THE SIDE FOH APPHOACH IN 0PERATI0N8 FOR PtJLMON.VRY 

STENOSI8. Conrad R. IjLii, M.])., Detroit, Miclu 

The oiporieneo to l>c presented was gulneil In 42 ojKimtionH on 41 patients ^dth pul- 
mounry stenosis. Blalock operations or attempts were carried out on 34 patients. Two of 
five failures to complete tho operation were due to inability' to approximate tho right sul>- 
clavian and pulmonarj* arteries. One of these patients subsequently had a succes»sfal xaodIfie<l 
Fotts operation on tho left side; an anastomosis was created between the lower branch of the 
pulmonaiy artery and tho descending norfa. There were two deaths from hemorrhage follow¬ 
ing completed Blalock operations on the right sldo in which technical difficulties due to short 
Subclavian arteries had Ix^m cncoontorofL This experience has led us to follow the suggestion 
of Holman and plan all Blalock operations for the left side If tho patient hru a left heart, 
^■^gnrdless of tho position of tho aortic arch. Twelve of fifteen patients operated upon since 
that decision utu made have had left ardies; all had good results and In no case was it necoe- 
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sary to sever the pulmonary artery proximal to the anastomosis in order to gain additional 
lengtli. 

The Potts procedure was planned for 10 patients, mostly small children. The operation 
was successful in 5 patients with left arches and in 2 with complete dextrocardia. The right 
approach was used with complete satisfaction in the latter. However, difBculties were en¬ 
countered when this approach was used in 3 patients with right arches. In 2, the Potts op¬ 
eration had to be abandoned because the aorta and pulmonary artery could not be approx¬ 
imated and unsatisfactory subclavian-pulmonary anastomoses were substituted. In the tliird, 
a poor aortic-pulmonarj' shunt was made ndth great effort, but the child died. It is believed 
that Blalock operations on the left side would have been preferable. 

In our hands, the best results have been obtained when the operative approach is on 
the side of the apex of the heart, regardless of the age of the patient or the position of the 
aortic arch. 

4. THE SURGERY OF MITRAL STENOSIS. DmcHT E. Harkex, M.D., Boston, Mass. 

The surgery of mitral stenosis is oversimplified when merely resolved to a discussion of 
regpirgitation versus stenosis. 

It has been found that (1) the heart must not be dislocated from the position of optimum 
function; (2) the direct surgery of the mitral valve is more readily accomplished by approach¬ 
ing the valve from above, through the auricle; (3) certain types of stenosis arc better tol¬ 
erated than others; (4) the heart rate niters the severity of the given lesions. 

On the basis of these facts, different tj'pes of surgical procedures have been devised for 
different clinical and pathologjc categories of patients: 

1. Patients in whom the mechanical obstruction due to the stenotic valve is the out¬ 
standing feature. In these patients, cardiac output is low and does not go up nith 
exercise. It seems logical to treat these by valvuloplasly, that is, enlarging the mitral 
orifice by cutting away the commissures. This allows some possible return of func¬ 
tion wth a minimum burden of added regurgitation. 

2. Patients who suffer from marked mitral regurgitation. The clinical s}Tnptoms hero 
are predominantly due to pulmonary hypertension, -ivith tlie aggravating effect of 
tachycardia causing frequent episodes of pulmonary edema (or, ns we term it, pul¬ 
monary decompensation). These patients have a normal cardiac output that can 
increase with exercise. Interalrial septal defects have been created in 2 patients to 
decompress the left auricle and pulmonic bed during periods of stress. 

3. Patients so debilitated that they cannot be considered for direct cardiac manipulation 
and those who have episodes of tachycardia that produce pulmonary edema (pul¬ 
monary decompensation). Hero, cervicodorsal sympathectomy may maintain a slower 
pulse rate and also eliminate various cardiopulmonary reflexes that may play a part 
in the production of pulmonary edema. 

A plea is made that patients be selected and evaluated before and after operation by 
critical, objective methods, including cardiac catheterization. 

This report comprehends a study group of 20 patients, to date, of whom 5 have been 
treated surgically. There has been 1 surg^ical death. 

5. SURGERY OF MITRAL STENOSIS. Charles P. Bailey, hl.D., F.A.C.S., and (by imlto- 

tion) Robert P. Glover, M.D., M.Sc., and Thom.\s J. E. O’Neill, M.D., Pliiladelphm, 

Pa. 

A. Historical Re\-iew 

B. ^Modern concept of pathology and possibilities of altering the changes. This embraces 
the various shunt operations: (1) azygos vein-pulmonary vein anastomosis, (2) per 
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fomtlon of tlic Intcrnurioulnr popluiu, nud (3) production of n tricuspid regurgita¬ 
tion. It nl«) roni»lfler« tho various operations upon tlie mitral valve: (1) simplo 
dilatntlon, (2) cutting across tho valve cusps, (3) excision of a i>ortion of the valve 
ring (simple), and (-t) dlroctod rxrisiou of the vnlro (valvuloplnsty) and (5) com¬ 
missurotomy under direct digital controL 

Presenter! are 10 cnHOS of ronimissurotomy for mitral stenosis, 1 caso of digital dilata¬ 
tion of tho vnlro, and 1 enso of opening of tho iiitoranriculnr septnin. Discussion of failures 
and successes will Ik? direcle<l townr^l letter seloctiou for surgery and better technique and 
management. 

0. COMPLETK KAILUHK OF BTKKNAL FUHlON WITH HERNIATION OF PERI¬ 
CARDIUM. IlEROKar C. Maifr, M.D., New York, N. Y., and Frank Bortone, M.D., 

.Tersoy City, N. .T. 

A rase of complete lack of fusion of the onlire length of the sternum with liernintlon 
of the perienrdinm is rcportoil. The congenital defect was successfully corrccte<l by surgery 
in infancy. The importnneo of pcrfonning tho opomtioo \Try shortly after birth is well illus- 
tmte<l by our case. 

Tho crabryologic, dcrolopmeiil of the sternum Is rtn-iewtsl briefly. TJio relationship of 
deft sternum and ectopia cordis Is discusse<l. 

Duo to tho lack of rigid tliomclc cage at the site of the sternal defect, considerable pam- 
doxicnl motion rany occur with resultant resplmtory and cnrtlioeirculntory difficulty. If only 
a partial deft sternum or n narrow sternal fissure is present, symptoms may 1>6 nbaent. 

7. ANGIOCARDIOGRAPHY AND AORTOGRAPHY IN THE DLVGNOSIB OP CON¬ 

GENITAL CARDIOVASCULAR LEBIONH. Thomas H. Punronn, ILD., and (by in¬ 
vitation) itERL J, Carson, JLD., and Wendeli. 0. Bcott, iLD., 8t. Louis, Mo. 

With the dovolopraent of tho tautography by one of our group (W. G. S.), tho tech¬ 
nique of cardlovnscular vlsunJlmrion has l>ecorae an inrolualdc nnd extremely accurate method 
of diagnosis in congenital lesions of tlic heart and great vessels. Tho intravenous injection 
of Diotlrasl by this technique serves udmlmbly to elucidate tho type of deformity present in 
the heart Botroarforiol injection has proved equally valuable in clarifying ononialies of tho 
aorta and its immediate brandies. 

The valuable procedure of cardiac catheterisation is limited in application. The very 
young sabjects in whorn diaguostio difficulties are most commonly encountered have not been 
suitable subjects for oithctorisation in our experience. It is in this group that visualisation 
Is of tho greatest value. 

The procedure is of further value in that It affords nccumte, proopemtive evidence of 
operability or inopombUity in certain lesions, particularly coarctation of the aorta. 

A relatively largo exporionoe is reviewed, with a description of the tediniques and an 
fippralsal of tho results. (Lantern slides nnd a 6 minuto colored movie.) 

8. the ROLE OF ANGIOCARDIOGRAPHY AND VENOGRAPHY IN MEDIASTINAL 

and PARAMEDIASTINAL I<E8ION8. OflLER A. Abbott, MJ)., and (by Invitation) 

Ted F. IjncH, MJD., and Wiluam A. Hopkjnb, MJ)., Atlanta, Go. 

This presentation discusses the role which may be playetl by the use of Diodrnst rlsu- 
^U*at\cm in evaluating mediastinal and pammedinstinal tumors. The use of the angiocardio- 
constitutes the main point of discussion, but the role of Diodrnst visnalUation of the 
tmiomlnate veins and snperior vena cavu is also disenssod. Tho valno of this technique in 
ons of vnscular origin is easily appreciated. Its value in nonvascular lesions is giso 
•tressed. 
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UmiauHl cases are presented, which emphasize the need for this method of investigation 
in the majority of mediastinal lesions. A case of congenital massive aneurysm of the superior 
vena cava is included in the presentation, and the successful method of operative correction 
presented. The importance of angiocardiography in different projections is also considered. 

9. EESPIBATOEY ACIDOSIS DUKINQ THORACIC SURGERY. Henry K. Beeoier, 

M.D., and Anna J. Murphy, B.S. (by invitation), Boston, Mass. 

Abnormality in the blood gases (too low oxygen, too high carbon dioxide) is a common 
cause of disaster during thoracic surgery. Procedures in anesthesia must bo designed to pre¬ 
serve these gases within normal limits. Our anesthesia practices are given with studies of the 
arterial blood in some 40 patients during transpleural thoracic surgery. 

10. BLOOD VOLUME CHANGES IN TUBERCULOUS PATIENTS TREATED BY 

THORACOPLASTYL Frank P. Ali^ritten, Jr., MJD., and (by invitation) Herbert 

Lipshutz, M.D., Bernard J. ADller, M.D., and John H. Gibbon, Jr., M.D., Pliila- 

delphia, Pa. 

A rising pulse rate and falling blood pressure have occasionally required the discon¬ 
tinuance of a stage of thoracoplasty in patients with pulmonary tuberculosis. This occurs 
more commonly in patients with far-advanced bilateral disease and in the second and third 
stages of thoracoplasty. Although blood lost at operation was adequately replaced it occurred 
to us that an unrecogpuzed diminution in circulating blood volume could account for these 
symptoms. It was conceivable that those chronically ill patients had a diminished blood 
volume on admission to the hospital and that there was an additional unrecognized blood 
loss into the operative wound between stages. The following study was made in order to 
obtain pertinent data. 

Observations were made on 10 patients with pulmonary tuboreulosis treated by thoraco¬ 
plasty. AU had seven-rib thoracoplasties. The plasma volume was detennuied by the method 
of Gibson and Eveljm. The blood volume was calculated from this figure and the hematocrit. 
The blood lost during each stage of thoracoplasty was measured by weigliing sponges before 
and after use, and this estimation was compared with the difference in circulating blood vol¬ 
ume before and after operation. The blood lost between the stages of thoracoplasty was taken 
as the difference between the blood volume at the completion of one stage and the blood vol¬ 
ume immediately preceding the next stage. 

With one exception, all patients in this series had a diminished blood volume prior to 
thoracoplasty, computing normal volume from surface area by the method of Gibson and 
Evans. 

The operative blood loss during the first stage was found to be almost twice as much 
as that occurring at the second and tliird stages; averaging 832 c.c. in the first stage, and 
480 c.c. and 397 c.c. in the second and third stages, respectively. 

A significant decrease in tlie circulating blood volume was found to occur in the interml 
betw-eon stages. Between the first and second stages the decrease in blood volume nvemged 
428 c.c. and between the second and third stages it averaged 445 c.c. Borne of the decrease 
in blood volume between stages has been attributed to the extravasation of scrosanguineous 
fluid into the large wound space wliich is created after the upper three to five ribs are 
sected. With the completion of a seven-rib thoracoplasty, the scapula drops in to obliterate 
this space. 

Patients with arrested disease following thoracoplasty regained and mhintained a nor 
mal circulating blood volume. 

These measurements indicate the advisability of restoring a normal circulating blood 
volume preceding a surgical procedure in patients with pulmoiiary tuberculosis, as well as ade¬ 
quate replacement of blood during operation and between stages of a thoracoplasty. 
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11. PULIIONARY CmCin.ATION .VXD ALVEOLAR VENTILATION—PERFUSION 
RELATIONSHIPS AFTER PNEUMONECTOiTi'. A Courn'and, SLD., and (by in¬ 
vitation) R. Jj. Rilkv, It.D., A. niitMEiATEiK, MD., nnd R. Austrian, M.D., Nevr York, 
N. Y. 

Foartccn patients mnginp in nffo from H to 72 years were studied after pneumonec¬ 
tomy. The time since pneumonectomy mis less tiinn seven months In 0 cases and from two to 
eleven j-enrs in tho remaining 8 crises. The preoperative diagnoses included chronic pnl- 
raonary suppuration, tuberculous bronchial stenosis, and carcinoma of tho bronchus. 

The pulmonary blood flow nnd pulmonary arlerlnl pressoro were mca.sure<l at rest in 8 
roses nnd follotiing exercise in 4 cases, iislng the technique of cardiac catheterization. The 
correlation between ventilation and perfusion was shidletl in all 14 cases by recently developeil 
techniques which involvetl the determination of pC02 and p02 in tho arterial bIoo<l and the 
cnlcnlation of alveolar pas tensions. On the basis of these measurements it is possible to 
psllmate the proportion of mize<l venous blood whlcli falls to pass through normally ventilated 
alveoli and to estimate the proportion of inspired air which fails to roach normally perfuseil 
alveoli. In all cases the studies wero supplemented by the measurement of lung volumes, 
maximum breathing capacity, ventilation, and gas oxcliangc as previously reported. 

Although tlio dynamics of the pulraonarv' circulation at rest were but slightly alteretl 
even in cases stndled several jvars after pulmonary resection, there was invariably n signifi¬ 
cant degree of pulmonary arterial hypertension during nimleratc exercise. This finding is in 
contrast ^vith olrservatlons in normal individunls during much more severe exercise (Am. tT. 
Physiol. 162: 372, 1948), Since tho blood flow Uiroogh the remaining lung during moderate 
exercise exceeded tho flow through cadi lung of normal individuals during severe exercise, it 
cannot bo statod whether the rise In pulmonary arterial pressure was duo to pathologic dmngcs 
in the pulmonary vascular sj3tem or to tho inability of the normal vascular bed of one lung to 
accommodate aa unusually large blood flow. The relationships between alveolar ventilation 
and alveolar perfusion were normal in 0 cases. In tho remaining 8 there was evidence of per¬ 
fusion of poorly ventilated areas and/or ventilation of poorly perfused areas. There was no 
consistent correlation between these changes and (n) tho tj-po of disease prior to pneumonec¬ 
tomy, and (b) the presence or alisence of a thoracoplasty. In the older ago group moderate 
emphysema invariably developed ivith c\*idence of ventilation of poorly perfused areas. 

32. TUB flUnarcAL MANAGEMENT OF CIIRONlC ‘'PPONTANEOUB’* PNEUMO¬ 
THORAX. LVHAN A. BnnwEK, nr, MD., Frank 8. r>or.T4Ev, MD., and (by invitation) 
Rtron H. Evanr, M.I)., Ixfs Angeles, Cnlif. 

A series of cases of chronic nnd recurring ^^spontaneous" pnenmothonue is presented. 

Bymptomatic" pneumothorax occurring with well-establlshe^l pulmonary disease secondary to 
trauma, pulmonary abscess, infarct, tulierculosls, and lung tumors has been eidndod. Al- 
thoDgli there is a great controversy concerning the etiology of "spontaneous" pneumothorax, 
from tho practical point of view ^s■o recognize three main conditions as causing the vast ma- 
jonly of these eases: (1) congenital cysts, occurring most often In infants nnd children; (2) 
pnlraoaary vosidea, secondary to localized subpleonil pulmonary and bronddolar scars oc- 
curring in young adults; and (3) blebs or bullae of omphysemn found in raiddle-ogod or older 
persons suffering from a moro gonemlited form of pulmonary emphysema. Most cascs of 
afmto "spontaneous" pneumothorax can be succcftsfully treated by conservative methoils, 
which include l>ed rest, oxygon, and the adjustment of tJie intrapleural pressures to allow for 
the scaling off of tJio pulmonary uporture and tho gradual expansion of the lung. 

Chronic "spontaneous" pneumothorax presents a more difficult thompeutio problem. 
Burgical mctlicxls ore Indicated because conservative measures have failed. ATltli surgery, 
^t^ximum pulmonary function is restored and chronic invalidism prevented. 

TliR causes of the persistence of tlie pneumothorax ore sometimes dIfflcuH to demonstrate, 
ost often, however, the etiologio factor is one of three main conditions: (1) intrapleonil 
which exert n "guy udre" effect on the lung, holding it on a tension so timt tho 
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lung cannot collapse sufficiently to allow the pulmonary opening to close; (2) libroais about 
the opening in the lung or a congenital lesion lined by bronchial epithelium; (3) the formatioa 
of a pleural membrane as the result of the organization of fibrin deposits secondary to a 
pleural effusion. Because of the nature of the pathologic processes, we believe that the in¬ 
troduction of irritating substances into the pleural cavity to produce a violent pleuritis is con¬ 
traindicated. The surgical measures we have employed include: (1) closed cntlicter pleural 
drainage; (2) phrenic paralysis; (3) thoracoscopy with internal pneumonolj-sis; and (4) 
open thoracotomy. Open thoracotomy permits the most complete and definitive attack to the 
problem, for at this operation four essential techniques may be employed: (1) complete pnen- 
monolysis; (2) surgical closure of the pulmonary opening; (3) resection of pulmonary cyst 
or bleb regardless of the type; (4) decortication of the collapsed lung. This subject has 
received little attention in medical literature. The authors wished to present their experience 
with the surgical management of 15 cases. The indications and results of the various surgical 
techniques are discussed and evaluated. 

13. SEGMENTAL RESECTION IN PULMONARY DISEASES. J. Maxwell CnAWBER- 

liAiK, AI.D., New York, N. Y., and (liy invitation) Commandek Thomas C. Rvan, U.S.K, 

One hundred segqnental resections were done for tuberculous (25 per cent) and non- 
tuberculous (75 per cent) pulmonnry lesions. The standard technique first suggested hr 
Churchill was used in tlie majority of cases. The bronchus serving the diseased segment is 
defined and divided. Gentle traction on the bronchus soon discloses the companion vessels 
and the artery is ligated first. Only the trilmtaries to the vein are ligated, however, since it 
has been pointed out that the veins serve adjacent segments. 

The indications for segmental resection in bronchiectasis arc well known, but segmental 
resection in acute putrid lung abscess is usuaUj' contraindicated. However, after chemotlicrapy 
or surgical drainage of a lung abscess, a state of indolent chronicity may be reached and in 
such cases segmental resection becomes a sound surgical solution. The indications for seg¬ 
mental resection in tulierculosis are not well established, but it would seem that the small, 
discrete, isolated focus sucli as a tuberculoma or a small tliick-waUed inspissated cavity are the 
two types of lesion most vulnerable to resection of a Segment. 

In comparison unth tlie removal of a lobe, the operating time and complications are 
moderately increased. Further, the postoperative care is more complicated and demands 
great vigilance. The results, however, seem to justify tlie continued use of this procedure. 
Although when only one segment of a lobe remains and tliis segment is a small one, a lobec 
tomy may be the procedure of choice. 

The various methods of segmental resection will be discussed and typical cases with 
bronehospirometric studies will be presented. 

14. RESECTION OF PULMONARY SEGMENTS—DETAILS OP TECHNIQUE AOT 

RECENT RESULTS. Richard H. Overholt, M.D., Francis M. Woods, M.D., and (by 

invitation) Beatty H. Ramsay, MJ)., Brookline, Mass. 

The operative procedure of segmental resection of the lungs has now matured, bca ^y 
all the technical difficulties have yielded to improvements in technique until now it 
demonstrated that empyema, bronchopleural fistula, and difficulty with re-expansion 
remaining lung are uncommon and unexpected complications. It is our purpose 
the difficulties that have been encountered and to show how each may be best nioi e • 
tailed teclinical steps of the operation will be iUustrated. Brief reference will be ma e 
use of segmental resection in pulmonary malignancy and tuberculosis. Finally, a rep 
be given on the postoperative course in all the segmental resections carried out 
past six months, during wiiich time technical maneuvers and management have re 
unchanged. 
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J5. BROKCIIOLlTirTASTfl, IlraaiCRT \V. Schmidt, >rj). (by invHnticra), 0. TherON 

Ci^ORTT, M.D., AND John ll. jrcDoNALp, M.D., Rocbeslcr, ilinn. 

The imbjoct of broncliolitliinfiiB bn* lK>on of interest to tho medical profession for 
eentnrics. It lins In'on *nld that tlic subject intercste<l Aristotle some three hundred years 
B.c. In spite of this fnct, wc could find only 78 cases reported in the Enplish medical litera¬ 
ture up to 1D48. 

\Vq should like to report 42 eases of bronehoUthlasis in our experience. In 14 of these 
cases, the broncliollth removed at the time of bronchoscopy. In 3, it wns impossible to 
retnore tho stone nt the time of endoscopic examination but the involved bronchus \ms dilated 
and the stone \ras coughed up ImniHintcly following tho exjimiuntion. Ten ]mtlents had 
pulmonary resections for indetomiinato loslons which were prove<l to be due to broncholiths. 
Tho rest of the jmtients in this series hn<l tho histor)* of having couglied up single or multiide 
stones. The clinicnl, bronclioseopic, pathologic, and surgical aspects of broncholithlasis are 
discussed. 

Broncholiths will l>e dinguose<l with Increasing fn'qncocy nt the tinio of exploratory 
thoracotomy performed liecnuse of indeterminnlo pulmonary lesions. In this group it will 
usually bo necessary to cnrrj' out a resection of a portion of tho lung liecausc primary 
lironchiogenic carcinoma In most instances cannot l>o exclodeil. Because of the pathology 
involved, we Im'IIcvo that as small an amount of lung tissue ns posslldo should lie resected at 
the time of surgerj*. 


10. THE BESUT.TB OF SURGERY IN nRONClIIECTASTS. AdriaK LAUBFOtr, MJ)., New 

York, N. Y. 

The series representing nn nnaUuls of 100 consecutive operations on 103 patients for 
hroDchiectasifl, with and without acute suppurative disease, nnd involving ono or two lobes 
and an entire lung, Is offered from the Cliest Division of BelJeruo Hospital during the years 
1639 to 1645. Coses in whlcii tulicrculosis a*n* demonstrated in the apecimen removed Lave 
l)een omltteil from this series. Similarly, cases in whicli the primary disease process mis a 
Inng al>scess have not boon included. The mortality in lironchJectnsIs witli and witliout sup¬ 
puration in one or two lol>cs nnd involving nn entire lung is analyzed. The postoperative 
complications linve been rolateil to tho opemtlvo technique nnd to tlie existing pathology in the 
specimen removed and the incidon«‘o of sputum relateil to the mortality in the four gronps. 
The results include a follow-up of 78 of the 61 survivals that were followed over nn average 
pcriwl of four years, Tliese have l>ecn closslfled acconling to the original pathology at the 
time of operation, according to nssocIatiMl sinus disease and bronchiectasis, nnd according 
to postoporativo residual stumffS and tho development of tul)erc.ulo5i8. 

17. TirE SURGICAL. TREATMENT OF BILATERAL BRONCmECTASIS. Frederick: G. 

Kebqin, M.D., Toronto, Canada- 

Fifty-cight patients hnvo been treated surgically for bilateral bronchiectasis nt the 
Toronto General Hospital and Ilospltnl for Sick Olilldren, Toronto. Of these, 27 liave lind 
DDilatoral operations and 31 Imvc had staged bilateral resections. 

This group of patients has Ikk^h subjected to 04 excision operations with 4 dentlis, all 
following tho second side of a bilateral resection. By attention to certain teclmicnl details, 
''^hich are descrilied, it has l>een possible to rmluco tho hazards of treatment. The last 18 con- 
w«ntire bilateral resections have l>ecn completed aithont mortnlity. 

The resolts of treatment In' relation to relief of sj-mptoms and effect on exercise tolerance 

disenssed. Eight^'-fhreo per cent of the patients who hnvo Imd bilateral resection nre 
■J'mptom free nnd tho remainder improved. 

In this series partial lower loltoctomy with preservation of the superior segment was 
ono 33 limes. The results of this procedure nro described. 
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ADDRESS OP THE PRESIDENT— Edward D. Churchill, MD., Boston, Mass. 


18. MEDIASTINAi “TUBERCULOMA”—SURGICAD REMOVAL IN POUR PATIENTS. 
Paul C. Samson, M.D., and (by invitation) Brigadier General Leonard Heaton, 
U.S.A., and David J. Dugan, M.D., Oakland, Calif. 

The scarcity of information in the literature concerning tuberculomas of the mediastinum 
prompts this report. Pour patients have been subjected to surgery. The correct diagnosis was 
unsuspected in all prior to exploration. Various preoperative diagnoses were entertained: 
dermoid tumor; bronchiogenic cj-st; intrapulmonary cyst; aneurysm. One patient was asymp¬ 
tomatic. In the others, symptoms ranged from vague thoracic discomfort to severe cough 
and dyspnea because of partial tracheal obstruction. 

The tuberculin teat was repeatedly negative in one patient and was positive only in 
1-100 dilution in another. Tubercle bacilli were not recovered from any of the specimens. 
Pathologically, there were caseation, epithelioid tissue, and multinucleated giant cells. 

The discussion will include consideration of certain problems. (1) Are these “tumors” 
always due to tuberculous infection or may other organisms cause the “pathologic picture? (2) 
Wliat steps may be taken preoperatively to establish more certainly a diagnosis of “ Tuber¬ 
culoma”? (3) "When exploratory operation in a patient without symptoms reveals a caseo- 
granulomatous mass, should it be removed? 

10. PNEUhrONECTOMY FOLLOWED BY IMMEDIATE THORACOPLASTY. (By in¬ 
vitation) Roland K. Iverson, M.D., and H. L. Skinner, M.D., New York, N. Y. 


Pulmonary resection is rapidly assuming its proper place in the treatment of pulmonary 
tuberculosis. Amazing progress has been made in this field of surgery but certain complica¬ 
tions arise from time to time which happens in any new, radical procedure. In order to 
circumvent these complications it has become routine practice in most thoracic clinics to follow 
pneumonectomy by one or two stages of thoracoplasty. 

It is our opinion that it is still better to do a thoracoplasty immediately following 
pneumonectomy in certain selected cases. In doing the thoracoplasty the transverse processes 
and posterior rib stumps are not resected. The first rib is left in place and occasionally the 
second is loft in place. We have been particularly impressed with the benign postoperative 
course. (Report of cases with lantern slides demonstration.) The procedure has the follow 
ing advantages: 


1. Necessity of only one operation 

2. Prompt obliteration of pleural cainty to le.ssen the danger of bronchial fistula 
and empyema 

3. Avoidance of mediastinal displacements 

4. A more effective coughing mechanism pre.sent in the immediate po.stopemtivo 
period 


20. FUNNEL CHEST AND ALLIED THORACIC CAGE DEFORkUTIES. CnARLf-s 

Lester, M.D., New York, N. Y. 

A congenital shortening of the anteroposterior measurements of the 
monly produces a funnel chest deformity but may also produce other deformities of the m 
cage associated with the funnel deformity or existing separately. These allied c e o 
consist, for the most part, of abnormal depressions, either unilateral or transverse, or a in 
protrusions of one or more ribs. During the past five years numerous thoracic ca ^ 
formities of diaphragmatic origin have been observed and 27 have been funnel 

Modifications of the procedures described by Brown have been employed for le 
deformities. The others have, required individualized operations. This e.vperienee 
duced certain concepts regarding etiology, selection of cases for surgery, jgp^gpcd. 

operation, type of operation to be employed, complications, and results. These 
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tJl. AN KXPKltlMKNTAL BTUnV OF TIIK BLOOD HUI’PLY OF TJIF KSOPIIAGUS 

AND ITH ItKLATlON TO EBOPHAaKAL KF-MKCTIOK AND .VNAHTOMOBIH. 

.Tons' Hkek, ^[.D. (by liivitntlon), CAnrxw Piuhtta (by invitation), \Vm. SL Tuttle, 

MJ)., AND K. J. 0'Ji[[l^LV, JIJ)., Detroit, >ncli. 

Tho cimplmpiw of dop* v>t{h moldllictl from tho nio<Un«tluuiu nnd portions wero rei^ootod. 
Tlio cut onilA were (lien annfitonioiK^l by uslnp Inlcrruploil nulurca of fine hilk in two layers. It 
was likewiro potJslblc to remove the osoplin^a from Iwhind tho nortn and anafllomotio it in 
front of tho aorta. 

These experiments were cj\TTied out with nmcli of tho blood supply to tho csophuguH 
ligated. In spite of this healing oceurrcil regularly. 

Injection studies wen' mndo of tho csoplmgcnl blood supply under mrious conditions, 
nnd it beeomcfl evident that tho supply is much iKjttcr thnn has l>ecn gcncniUy thought. 


22. TIIK TItKATJIKNT OF HHOHT i:flOPllAr.K.VL HTHIOTUKKS BY KKBECTION AND 

KND-TaKND ANASTOilOBIS. William M. Tutti.>:, M.D., and J. C. Day, M.D,, 

Detroit, Mich. 

It has long 1)0011 thouglit that cnd-to-oinl nnHstomosis of (ho esoplmgus was not a wife 
or fcaslblo procedure. 

Within tho jiast two jvars 0 patients, ranging in age froui 1 In 70 j-ears, with short 
esophageal strictures Imvo l>oen treated by resection of tho stricture either completely or by 
n wodging tyjMa of resection and the noroml ends reunited by iutemiptcHl sutures in two 
laj-crs. 

There lias been n good functional result lu each patient. In no luatauce has tl»o 
tmaitomMis lenked. 

23. ACQUIHED NONMALIGNANT EBOrilAGOTKACHKOBKONCHIAL FISTULAS. 

I'RAKK Pjiiijp CX)LEI1AN, JfJ)., AND Geoeoe II. Bitnch, Jh., ill), (by invitation), Rich¬ 
mond, Va. 

ifallgnajit lesions account for tho majority of acquiroil commnulcations botwoen the 
f^phagns and tmcJieobroncliial tree. Tho nonnmlignnut flstuln may bo enused by trauma, 
tuberculosis, sj’philis, esophageal diverticula, and pyogenic and fungus infections. Frequently, 
tho underlying jmthologic process cannot he a»ccrtHinc<l at tho time of opcrntlvo closure of the 
llstula. The hopeless prognosis of bronchiogonic nnd esophageal cancer aasoeiated with 
esopbagotmolieobronchlnl fUtulas and tho Infrequency of acquired nonmalignont communica¬ 
tions l>etwecn tho esophagus nnd tracheobronchial tree have resulted in tho accumulation of 
meager experience In managing this distressing complication of trauma and Infection. To the 
I case reports in the English literature of operative closure of esophagoresplratorj' Hatulos, 
the authors have Rdde<l 4 successful cases. Tho clinical features, prooiM?rativo cure, problems 
of anesthesia, and surgical technique aro cmplmsizod. (Motion picture illuatnitlng surgical 
technique.) 

24. TIIK COMBINED ABDOJtINAI. AND RIGHT THORACIC APPItOACH TO LESIONS 

OF THE MIDDLE AND UPPER THIRD OF THE ESOPHAGUa Edwahd M. Kent, 

MJ). AND Samuel P. IlAaBisoN (by invitatloii), Pittsburgh, Po, 

FoUowlng Ivor Ixjwis’ lead, a traumatic stricture of the upper two-thirds of the 
^phagxffl was successfully treated by resection and esophogogustrostomy through the right 
orax in August, 1947. Tlie case with which tho entire esophagus to the top of tho thomx 

be resected by this approncli logically led to tho development of the method for malignant 
The operation is necessarily done in two stages, performed one week apart or at tlio 
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same time. The abdomen is opened first and e.\ploration carried out. If no metastases are 
present, the stomacli is carefully divested of its entire blood supply save for the right gastric 
and right gastroepiploic arteries. Dissection is carried to the esophagus itself and one inch or 
more of this organ is freed up. In markedly debilitated patients who have complete obstruc¬ 
tion, n jejunostomy may be established before closing the abdomen. 

At tlie second stage the right thorax is entered posterolaterally by resection of a suitable 
rib. If operable, the lesion is mobilized widelj' after ligation of the azygos vein. The 
stomach is then delivered after enlarging the esophageal hiatus, resection is carried out, and an 
esophagogastrostomy accomplished. The principal advantage of the right approach lies in 
the absence of the aortic arch on this side; dissection does not have to be performed beneath 
it; and the resulting anastomosis, whether above or just below the arch, is not angnlated as is 
the case on the left. Details and pitfalls of the method are described. It is believed that a 
better salvage of patients with esophageal malignancies will bo obtained by this more direct 
approach to the lesion. 

25. FURTHER OBSERVATIONS ON PACKING OF MEDIASTINUM FOR ESOPHAGEAL 

VARICES. John H. Garlock, M.D., and ALvx Som, M.D. (by invitation), New A'ork, 

N. Y. 

The authors submit a supplementary report on the original paper published in the. 
Journal of the American Medical Association for Nov. 8, 1947, at which time they reported 
2 eases accorded this Therapy. The idea is based on the supposition that by establishing a 
large area of granulation tissue external to the muscular layer of the esophagus at a distance 
removed from the seat of the varices there will develop a collateral circulation which ivill iw 
outside of the esophagus, thereby taking the load off the venous pressure in the esophageal 
varices which lie in a submucosal position. On the basis of an experience ivith 10 cases 
there would seem considerable justification for this procedure before the surgeon should con¬ 
sider the more extensive and more dangerous operation of portacaval shunt or splenorenal vein 
anastomosis. The authors wiU report in detail the history of 10 patients, the longest follow 
up being seven years. 

26. PULMONARY AT.W.OT.AR ADENOMATOSIS. H. Brodie Stephens, M.D., and 

Sidney J. Shipmen, M.D., San Francisco, Calif. 

Pulmonary alveolar adenomatosis, or jagziekte disease, has awakened increasing ra^iea 
interest as the condition has been recognized in human beings. Long recognized ns an cn 
disease of sheep it has now been found to affect human beings more and more frequen 
Nevertheless, until 1947, only 12 authentic cases were on record, only one of uhic i 
diagnosed prior to death, the case of Pierson, Holman and Wood, in which the diagnosis v 
made at operation. 

In the case reported herewith it was possible to make the diagnosis before surgery, 
confirm it by lobectomy, and to bring about apparent cure. 

27. PLASTIC RECONSTRUCTION OP TUBERCULOUS BRONCHOSTENOSIS WITH 

DERilAL GRAFTS. Path, W. Gebauer, M.D., Honolulu, Hawaii. 

28. PULMONARY RESECTION OF METASTATIC MALIGNANCY. Hawley ^ 

(by invitation), 0. Theron Clagett, M.D., and John R. McDonald, M.D., se , 

29. BRONCHOGENIC CARCINOALA—PART I. A PATHOLOGICAL 

OP FULL-SIZE MOUNTS PROM OPERATED CARCINOMA. P. Rl. 

and (by invitation) Clair E. Basinger, MJ)., and W. E. Adams, M. 
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BRONCIIOGENTC CARCTNOMA—PATIT U. THE CORRELATION OF PATnOLOQTC 
CnARACTERTSTICfi AND CLINICAL MANTFI^JTATION IN UNRESECTABLE 
AND UNEXPLORED POST-MORTEM LUNG TUMORa GEORaE M. IRmardus, 
M.D. (liy invitntlon), W. E. Adamb, M.D., and F. J. Phiujps, M.D., Chicago^ El. 

Tlic controversy nmong cllnicinns an«] pnthologists regnrOing tlio pathogenesis of primary 
rarcinoom of the lung stimulatetl us to nmko anil study full-sited nioonts of representative 
cross sections of all tumors of the lung removed. An attempt wns nmdo to correlate the tj'pe 
of tumor, the site of the tumor, and the sire of the tumor uith the clinical manifestations 
as domonstmtoil by history, phpicnl nnd rn4llologlc and bronchoseopic examinations, and 
flnillngs at oxjjlomtion. The coll type has lieen sludietl in Its relationship to the site nnd sire 
of the tumor, the rate of growth, the extension into contiguous tissues, and metostnsos to other 
organs. Of the 40 eases thus studiiMl, 27 were fonnd to l>o of squamous cell tyjMJ vrith or with¬ 
out pearl formation nnd 13 exlilbite<l both epidermoid nnd adcnoiarclnoma, 

A similar study ^m8 made of 3G nonreseelable tumors and 30 unexplored eases in which 
tumors were found at autopsy. Of the nonreseetnble grtmp, approximately one-hnif wero of an 
undllTerentiated cell tj*pe. The other one-half were of a nonkemtinizlng squamous coll variety. 
Of the tumors studied from nuto[isy s{»eeimen, IG were adenoenreinomn, 14 wero undif¬ 
ferentiated cell, 0 were epl«lernjoiil, and 1 was n mixture of adeno- nnd squamons cell car¬ 
cinoma. Illustmtions of these factors are prot*ente«l and their Bignificnnce dlscusse<l. 


SO. THE ilANAGEMENT OF CUYLOTHORAN. Richarp II. Meade, Jr., M.D., Jkrome R. 

Eead, MJ}., and CiD^iTTr. W. Moen, M.D. (Iiy invitation), Grand Rapids, Mich. 

Although chylothomx is often a.ssoclated with an incurable disease, or with severe injury, 
it may occur as a resnlt of mild trauma. In most instances, untrentctl eliylothorax results in 
death. Experimental work an»l cllnicnl experience have proved that the thoracic duct can bo 
Rafcly ligated. Anatomic studios show that there is a wide variation in its gross structure, and 
that there may Ite only one duct, or there may a numl>er of minute ones, Chylothomx can 
!« cmwl by ligntion of the thoracic duct, but It may also Im? controlled at times by repeated 
aspirations, or by suction dminago. A general discussion of the anatomy of the duct, and of 
tho phjulologlc effects of its ligntion will Ik* given. Three cases wHl be reported Uluslmting 
diflerent etiological factors, ami different, euccessful methods of treatment, Chylothorax 
should rarely Ik* fatal If recognize*! in time oud properly trcatoil. 


31. TEE BURGTCAL TREATMFJ4T OF ROUND TUBERCULOUS LESIONS (TUBER- 
OULOMATA). t'Mi.oNCE Uuon W. Mahon, M.C. (by lavltation), and Coix>kel James 
n. PoRBCK, M.C., Denver, Colo. 


This paper denis with a group of 3G patients treated by pnlraonory resection, either 
loltoctomy or weilgo-shaped excision, for po-CttIle<l tulwroulomata at Fitzsimons General IIos- 
pltaL Tlio cllnicnl manifestations u-ere generally clinmctorirc*! by mininmJ symptonmtology 
and tlie solid-llkc found shapetl lesion Mas often detected by routine x-ray examination of the 
chest. Tlio similarity to other lesions, In particular coccidloldomjTiosls and neoplasms, is 
discussed. In approximately 80 per cent, exploratory thoracotomy was necessary os an aid 
m diagnosis l)uf a positlw dlngnosls Mas not established until histopathologic and bacteriologic 
^‘^“uninattong were complete*!. Tlio pathology of this loelon Is discussed in detail Including 
a correlation of tKo radiologic appearance ^vltli the gross and microscopic pathology. The 
iia^nls of considering tills lesion as Ircnlgn or arrested tnlrerculosls are emphasized. Our 
1^ cy of mnnugement after operation has been largely determined by ba* 2 tcriologIc nnd 
I itopathologic findings. Those patients in whom tulrerclo bacilli were demonstrated vrore 
V sed to follow a period of hospital management of six to twelve montlis or longer. Those 
cati in whom tubercle Imcilll MCro not demonstrated in tho tuberculoma and in whom 
^ cr tnljerclcB u-ero absent and who lind no other lung patliology wero returned to military 
7 or to tlielr normal activities in approximately three months after operation. A foUow- 
op * udy of these patients is presented. 



432 


THE JOURNAL OF THORACIC SUROERY 


32. TRANSTnORACIC THYROIDECTOMY. HrnififT.T D. Arams, MJ)., Boston, ilafs. 

Ditraflioracic poitpr may hf* dcfincfl .as goiter in wiiich the goitrous mnsj lies in tie 
mediastinum entirely hclou- the level of the superior thoracic strait. At the Lahev Clinie 
nearly 28,000 patients with goiter have been operated on and hundreds of these goiters iitt 
been classified as being truly intrathoracic by the.se criteria. Practically all of the.'e,niMj 
of tremendous size, have been removed satisfactorily by the cervical route. This has lea 
technically po.^.'^iblo chiefly by a maneuver described by Lahey of evacuation of the iwroth 
and colloid central portions of these ma.'.se.s, tliereby permitting the capsular portions to he 
delivered from the mediastinum. This has Ireen technically fea,sible and satisfactory in b; 
far the majority of cases. However, there have been three cases in which the intrathoraci! 
goiter has been removed by the transthoracic route. Two patients .were operated on traia- 
pleurally bfcause of inability to differentiate by roentgenologic and other studies tie 
mediastinal shadow from other types of mediastinal tumors, and because of their extremely 
low position in the mediastinum. This differential diagnosis is discussed fully. The thirdC4.=e 
was done transpicurally because an attempt had been made elsewhere to remove the goiter 
through the neck, witli failure due to the extreme vascularity and size of this goiter. Tie 
surgical managemcmt .vnd technical aspects of transtlior.acic tliyroidcctnniy are presented. 
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REPORT OP MEETINO OF THE AMERICAN ASSOCIATION 
FOR THORACIC SURGERY 

ifARTIl 20, no, AND 31, 1910 

HE twonty-nlntli meeting of the American As.'wlntlon for Thoracic Surgery wqb hold 
in Now Oricanp, La., at tho Hotel Koosevelt, on March 20, 30, nnd 31, 1040, 

Tlio following recoramendntionB of tho Mombcralilp Committee were oceepted by tho 
AiAoclatlon; 

Honorary memboralilp was conferred nimn Dr. Carl 8cmb, Oslo, Nonray. 

Tho following nctiro memberfl wore retired, at (Iiclr own roqueat, to Senior mcmbcreJjIj): 

Dr, IHchard H. DilTenbach, Newark, N. J. 

Dr. Frank 8. JoliuB, Hlclimond, Vn. 

The following ABeociato momliorH ^rero rlcrted to Activu membortdiiji: 

Dr. William W. Buckingham, KnnHUB City, Mo, 

Dr. Osier Abbott, Atlanta, Ga. 

Dr. Conrad E. Lam, Detroit, ilicli. 

Dr, Jame* D. linrphy, Oteen, N. C. 

Dr. I^ul 'W. Sanger, Charlotte, N. C. 

Dr. Marion Lawrcnco Wlilte, Jr., Charlolteaville, Va. 

Dr. Frank F. Allbritten, Jr., Philadelphia, Pa, 

Dr. Eolllni! Hanlon, Baltimore, Jfd. 

Dr. Willis J. Potts, Chicago, Hi. 

The following candidates wore elected to Asaociate membership: 

pr. Edward Jamea Beattie, Jr., George Washington University School of Me<lidne. 
waslimgton, D. a 
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Dr. James Carswell, Jr., Veterans Administration Hospital, JIcKinney, Texas 
Dr. Eoy Barnett Cohn, 2347 Laguna Street, San Francisco, Calif. 

Dr. Charles Francis Chunn, 442 W. Lafayette Street, Tampa 6, Fla. 

Dr. Anthony Daniel Crecca, 376 Eoseville Avenue, Newark 7, N. J. 

Dr. Paul Trumbull DeCamp, 1835 General Pershing, New Orleans, La. 

Dr. Donald Brian EfSer, Euclid and E. 93rd Street, Cleveland 6, Ohio 
Dr. Byron Henrj- Evans, 1930 IVilshire Blvd., Suite 1400, Los Angeles, Calif. 

Dr. Edouard Donat Gagnon, 3411 St. Denis Street, Montreal, Que. 

Dr. Eobert Prentice Glover, 2107 Spruce Street, Philadelphia, Pa. 

Dr. Aaron Himmelstein, 70 East 96th Street, New York 28, N. Y. 

Dr. Lew A. Hochberg, 135 Eastern Parkway, Brooklyn 17, N. Y. 

Dr. Charles Keeling Kirby, 3400 Spruce Street, Philadelphia, Pa. 

Dr. Phillip John Kunderman, 165 Livingston Avenue, New Brunswick, N. J. 

Dr. William Morris Lees, 812 Hutchins Avenue, Ann Arbor, Mich. 
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NOTICE 

The thirtieth annual meeting of the American Association for Thoracic Surgery will he 
held April 15, 16, 17, and 18, 1950, in Denver, Colo,, Headquarters will be at the Cosmopolitan 
Hotel. 

Bequests for hotel resen'ations should be mailed direct to Col. James H. Forsee, 
17th Street, Denver, Colo. 

Abstracts for presentation of papers for the 1950 meetings must be received for con 
sideration by the Program Committee on or before Januarj' 1, 1950. These abstracts shou 
bo submitted in quadruplicate and addressed to the Secretarj' of the Association, Dr. Brian 
Blades, George Washington Univeinity Hospital, 901 23rd Street, N. W., Washington 7, D. 
They should not he sent to the Editor. Abstracts received after January 1, 1950, will no 
be considered. 
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CLmiCAL EXPERIENCES WITH THE APPEICATION OP 
POLY'THENE CEELOPHANE UPON ANEUEYS5IS 
OP THE THORACIC VESSELS 

OSLER A. Abdott, JI.D. 

Atlanta, Qa. 

I T IS imporinnt to stress at tlio outset tliat this piipor denis cssontially with 
the oxporioncos obtained in ni)pIyinK Polj-thcno cellophane to aneurj'.snis o£ 
the human intrathoraeio vessels. It is far loo early in the period of observation 
which has been allowed to come to any definite conclusions. This paper must 
be considered in the form of a preliminary report. In tiew of certain rather 
dramatic findings noted upon the experimental application of cellophane upon 
the vessels of animals, I felt that one was justified in appljdng this method to 
a fairly large group of human patients who present themselves with a disease 
which entails such a serious prognosis ns a large aneurysm of an intmthoracie 
vessel. The application of this material to the human noj'tn is certainly not an 
original procedure, but this communication \vill report the application of this 
material to portions of certain vessels which have not pro^^ou3ly l>ccn so dealt 
tnth, and describes a larger group of patients so treated than elsewhere reported. 

It is important for us to refresh our memories in regard to the clinical 
history of an aortic aneurysm. Tho life expectancy of a patient with an 
|meurysm of the aorta is an extremely' variable matter, ranging from the patient 
m whom a fatal result occurs in a period of less than six months after the first 
x-ray evidence of aneurysmal disease is obtained to the other extreme of the 
patient in whom an aneurysm may be observed to be present over a period of 
from ten to twenty years. 

Aneurysms of tho thoracic vessels may differ greatly in their etiology. 
Aneurysms with the same etiology' may vary' greatly in their life expectancy. 
These considerations, therefore, make one realize that only a study of a very' 
large group of patients having aneurysmal disease from all known causes, and 
followed over a period of many yeai-s, can allow us to make any definitive 
conclusions. 

From thp -Etnorr Unlvcrmltr Scliool of XleCtcIne. noportinent of Bnrfferj- (Thoracic). 
Sur»erx!*^t SL'rJ.uuT'licf‘' me r'^S 'so" 1947*"*””*' J'”»=«l»Uon for Thoraclo 
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There is no doubt that the final method of control of aneurysmal disease is 
the prevention of its cause. However, it docs seem reasonable to consider that 
once an aneurysm has been produced, there is a peimanent structural defect, 
which will need structural correction. The direct approach upon a structural 
defect, so as to re-mold a facsimile of the normal, is the ideal of su^•ge^J^ ^Vith 
present-day limitations it is not always possil)le for one to satisfy this ideal. 
When one is confronted with a lesion of a nonsacrifieiable vessel it is often 


110008801 ^ to approach the problem by “second-best” methods. 

In summary, then, the modes of attack upon aneuiysmal disease of a thoracic 
structure consist, per primam, of a reconstitution of the normal tube for the 
passage of blood. The “second-best” t.vpe of methods have had to be applied 
to the thoracic aorta during recent years and consist, essentially, of four modes 
of attack: (1) the repair of the wall of the aneurysm by inteimal plication, 
reconstituting a tube of normal caliber but allowing diseased walls to remain; 
(2) tlie promotion of a thick la 3 'er of blood clot within the aneurj'sm, in order 
to increase the protective character of the wall and thus reinforce the weakened 
area; (3) progressive obliteration of the aneurysmal sac by means of tlie pro¬ 
motion of periarterial fibroblastic reaction; (4) anj"- combination of the preceding 
three tj^pes of procedure. It worrld seem reasonable to assume that a combination 
of anj'', or all, of the three indirect methods of approach would constitute the 


best method to substitute for direct and satisfactory reconstruction. 

The method utilized in .this studj^ has relied upon the formration of a chronic, 
progressive, constractive, periarterial, fibroblastic reactiorr in the hope of ultimate 
obliteration of the aireurysmal cavity, or at least sufficient strengt.hening of the 
wall to eliminate the threat of fatal rnipture. In the latter period of the study 
we have added attempts to increase the thickening of the imrer wall of the 


aneurysm along with the attack upoir the outer wall. Poljdhene cellophane is. 
undoubtedly only the forerunner of future preferable substances to produce 
periarterial fibroblastic reaction. Pearse,^ in 1940, published studies upon the 
constrictive effect of the application of cellophane upon the aorta of dogs. His 
interest in cellopharre arose, originally, uith the work of Page,^ in the application 


of this substance about the kidney in the promotion of experimental liypertension. 
This latter author iroted “a marked tissue reaction rvithin three to five days 
follouing the application of this substance. A constricting, dense, fibroblastic, 
collagenous formatiorr about the surface of the kidnej', varjing from 3 to 5 mm. 


in thickness, w'as noted to be preseirt within two weeks.” . . 

It was in 1941 that Harper arrd Robinson® reported a most interesting clhnca 
application of this substance, namely, the use of cellophane about a 
ductus arteriosus in which there was evidence of recanalizatiorr twm wmeks o 
lorving the original operative procedure. At the origiiral procedirre, cellop mne 
had been applied and the .subsequent obliteration of the channel two ® 
later wms felt to be evidence that the reaction incited ly the .surrounding ce o 


phane had contributed to the closure of this channel. 

In 1943 two missioiraries hr Arabia, Harrison and Chandy,’' utilized ce 
pharre about aneurysms of the axillary artery in tw'o patients. In the fir.st 
there was evidence of obliteration of the lumen of this vessel in .approximn c. 
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uinc montliR, wliilo iiitoneniiit' spcoiidniy infection in the Rccond pntient neces- 
sitntcd sceondniy Ini’ll liiiiition of the vessel imd excluded the cnse from nny 
sntisfnctory eonelnsions. 

The irritating fnetom of eelloiihnnc have hceii the cause of considerable 
discussion among many workers. Some have used this material for the preven¬ 
tion of tissue reaction, while others have employed it with a diametrically opposed 
purpose. Thus, in contradistinction to the reports of Pearse, Page, Harper and 
Roliertsonu Harrison, and Chandy, there is the work of Donati” in 1937, and 
HfcKeever® in 1943, wherein the material was used in the treatment of arthritic 
lesions, rvith the hope of lesurfacing mobile joints. This confusion led to the 
very valuable study carried out by Poppo and dc Oliveira' in regard to the 
different ])hysiologic iiropertics of var.ving t.vpcs of commercial cellophane. A 
.series of animal experiments were eondneted, utilizing five different basic tjircs 
of this material. A very 10011(0x1 filn-ons ti-ssno reaction surrounding the section 
of the aorta in close proximity to Pol.vthene variety of cellophane rvas constantly 
noted. Their studies iiromotcrl the following conclusions t 

(1) MolBtdro-rofllstnnt ccllophano and types 000 P.U.T. 71, and 300 T.T. 62, 
caaae minimal if any reaction. (2) Expeiimentnl studies have shown tlint in 
order to obtain tho desired result it is necessary to use a pnrtieulnr type of 
eeilophane, since somo varieties produce no fibrosis. (3) Polytheno celiophano 
has lieen found useful, not only in tlie treatment of aortic nnourysms, but also 
in the olititoration of a patent ductus arteriosus. 

I derived my interest in this .substance from ideas about the subject ex¬ 
pressed by Dr. Evnrta A. Graham in 1944. To my knowledge the first instance 
of tho application of this sulrstancc to the human aorta was carried out by 
Graham in 1944. 

It would seem well at this time to describe tho technical considerations 
involved in tho sterilization and application of this material. The technical 
name for .the tj-pe of cellophane used is 1.5 Jlil Pclj-thene (NV-7-14).* This 
niaterial has Ijcon sterilized by keeping it in 70 per cent alcohol for twenty-four 
to forty-eight hours prior to use. Following tho exposure of tho aneuiysmal 
area of the vessel, plus at least two inches of the vessel alwvo and below the Site 
of disease; this material is applied in from two to four thicknesses so as to sur¬ 
round the diseased area and a ono-to-two inch area of apparently normal vessel 
above and below the aneurysm. It is important to emphasize that the material 
IS laid in eontact wiGi tho aneurysm, and in no rray constricts it. If a direct 
constricting notion were used tho danger of rupture of the vessel at tho upper¬ 
most junction of the cellophane with the vessel would probably occur. The 
sulwtancc is used purely to stimulate a fibroblastic reaction about a diseased area. 

Fluid is formed in contact with any foreign liod.v. Therefore, this material 
may well float away unless definite methods are used to fix it in place. This 
fixation is carried out by suturing the material to near-by structures and where¬ 
soever tho wnU appeals sufficiently healthy. Pino arterial silk is used to sew 
the ma terial directly to the vessel wall. Chemotherapeutic agents are utilized 

provldetl for experimental by E. L Du Pont de Nemonr# 

^pany. Cellophane DlvUlon. wnmlnyton. Del. / a. u x-ont ae rsemour* 
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liberally, both before, during, and following the operation in order to prevent 
infection which is so likely to occur about a foreign body. 

To date, this material has been applied in thirty-tAvo separate individuals, 
and in several of the patients more than one aneurysm has been treated. It has 
been felt that the application of this material is truly clinical experimentation, 
and therefore no patient has been subjected to the procedure miless the lesion 
appeared to he a definite threat to life should no treatment be mstituted. This 
has constituted a veiy strict test of the material and therefore the final results 
would in no way be comparable to the application of this substance in consider¬ 
ably less-advanced lesions. 

The predominant lesion treated has been aneurysmal disease secondary to 
sj^philitic aoi-titis. The majorit}^ of such patients have lieen of relatively low 
economic and mental status, and it has been ext.remelj’’ difficult to mahitain a 
satisfactor;^’' foUow-up. Furthermore, in such patients wherein a fatal issue 
occurs, it has frequentlj^ been impossible to obtain permission for post-mortem 
examination. However, this study has not been confined to lesions of s 3 T)hiIitie 
etiologj^. Aneurysms of congenital origin, arteriosclerotic origin, and of dis¬ 
secting type have been treated vdth cellophane application and their postopem- 
tive coui-se observed. Diunng the course of this study several of the individuals 
presented lesions in a sufficiently advanced state that extreme interference Avith 
respiratory function Avas already pi’esent. This alloAved certain maneuvers o 
thoracic decompression to be carried out which were found to be necessary m 
order to prepare the patient for an open transthoracic procedure. 

I have had opportunity to apply this substance to all areas of the thoracic 
aoiia, both intra- and extrapericardial. The substance has also been applied, to 
the innomruate and left subclavian arteries and to the puhnonarj'^ artenes. 
Those of us concerned in this study haAm been impressed Avith the frequency 
AAuth which areas of multiple aneiuysmal disease are prone to occur ^ ® 

, patient Avith syphilitic aortitis. It has also been interesting to note the mar e 
fi'equency with Avhich aueuiysmal disease may be present, and on fluoroscopy 
no pulsation of the presenting mass maj”^ be observed. The explanation for t s 
phenomenon is reaUj^ quite simple, in that on opening the thorax one frequen 
finds the overljdng pleura markedly thickened, and only aftCr the 
this overlying membrane does pulsation appear. In certain instances ® ^ 
of pulsation may be due to the degree of thrombosis Avithin the aneurysma sa^^ 
It has been our observation to note that only about 30 per cent of aoi^c 
rysms Avill be seen to pulsate in an unequrtoeal manner on fluoroscopic ex 


nation. , jn 

It does not seem necessary'- in a commimication of tliis tyqie to con 
any great detail the diagnostic measures involved in patients Avith 
disease. It is of utmost importance to realize that any mass, situa ^ 

• region of a vascular channel, has the potential of being aneuiysma ^ ^ 

Again, it should be emphasized that the lack of pulsation do^ that 

preclude the possibility^ of aneurysm. It has been our experience o 
mediastinal lesions yyhich are associated -with partial atelectasis, a 
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if sncli atclcotnsis may bo bilateral, should make one strongly suspicious of a 
vascular origui of the mass noted. It is, of eoui'se, olndons that there is a definite 
place for the application of angiocardiographic studies in patients of this tj'pc. 
However, in such patients in whom there is any major degree of bronchial com¬ 
pression, such that wheezes are noted on phy.sical examination, it has been our 
policy not to cnrrj' out angiocardiographic investigation except in rare eases. 
This has been because of the associated bronchospasni which may occur mtn 
angiocardiographic studies and such hronchaspasm might constitute an unncccs- 
.sarj- and hazardous risk. 

No unusual types of visualization of the thoracic aorta have been carried 
out by moans of Diodm.st, but rather the study has been confined to injection 
into the basilic vein. I am cognizant of the studies earned out in which the 
material is introduced cither directly into the aorta or into one of its major 
tributaries. 

In view of the common knowledge of the diffuse character of sj'philitic and 
arterioselerotie disen.se of major blood vesscl.s. it has not been felt advisable to 
instrument directly such an organ as the aorta. The rocntgonkjTnogram has, 
of course, been of considerable disappointment in view of the tact that it only 
represents a pcnfinnent record of what may be seen with the fluoroscope, and 
■the lack of pulsation tinker fluoroseopy would lend one to the conclusion which 
wo have also achieved clinically, that the kymogram has been of no real value 
in the study of such diseases, unless definite pulsation is suspected on fluoroscopy. 

It has been interesting to note, with Diodrnst intravascular studies, the 
frequency of multiple aneurysmal disease in patients with .syphUitio arteritis. 
One is, of course, coneomctl with the possibility of a Hcicchoimer reaction in 
association with the lesions of s.s'philitic etiology. To date, preoperative peni¬ 
cillin therapy has been instituted in such patients, and all have been carried to 
a minimum of 7 million units as a total including tlio pro- and postoperative 
course, in an attempt to treat the undcrlj-ing etiologic agent. In the patient.s 
treated to date, no niajoi- serious complication of a Herxlieimer t;\’pe ha.s been 
noted. The evaluation of the blood pressure in the right and left arm, and in 
lx)th lower extremities, Is a necessary investigative measure in all patients with 
central mediastinal mass and has been carried out in all patients w-ith aneu¬ 
rysmal disease. 

What may one expect to find in follow-up study of an aortic aneurysm 
which has been treated rvith cellophane application? It is reasonable to expect 
an initial enlargement of the shadow. This is, in part, due to a release of over- 
lying constricting pleura and also due to formation of fluid about tie foreign 
body which has been applied. There is no reason, from animal experimentation, 
to expect any dramatic clianges. Actual constriction of the normal aorta of the 
dog may take three to six months to occur, and when one is dealing witli a lesion 
of the massive size ns is being described, one would hardly expect an obliteration 
of the channel, or even if the channel Ls constricted to a nomal size the resulting 
^vall should he so thickened ns still to constitute a major x-ray shadow. An orig- 
mal enlargement of the shadow' of the aneurysm has been noted, and then a 
return to the original dimension. 
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The next consideration to be dealt wth is the matter of actual and potential 
complications of this surgical maneuver. In certain portions of this study one 
was treading upon previously unbroken ground. Therefore, it is natural to 
expect that certain errors, both in .iudgment and technique, were committed. 
It is felt in evaluating a new procedure that it is beneficial for us to pubUeize 
such errors, in the hope of forestalling its commission liy others. In dealing 
with aneurysmal disease it is important to appreciate the limitations of x-ray 
investigation. It is common knowledge that an aneurysm pulsating constantly 
against a firm and rigid structure, such as bone, will undergo a iveakening and 
thinning of this area of wall contact. Therefore, it is important not to unroof 




Pig-. 1.—Patient. Mr. B. H. I>ateral x-ray view to demonstrate of oPaciaMUon 

•\vhen looking tangentially at an aortic aneurysm. Shaded area noted by ^ ^ 

clear, but actually aneurysm -h-as In contact with the sternum throughout this area. 


Gmit 


bone overlying an area of direct contact tvith the area of vascular disease, 
stress has been laid upon the lateral film in an attempt to evaluate the 
of the aneurysm to bone, especially such structures as the sternum. In a ^ 
five patients what appears to be a good clear area has been seen between * 
aneurysm and the sternum (Fig. 1), and yet upon removing the 
leaving the posterior periosteum intact, it is obvious that an extreme y ' 
walled aneurysm is in direct contact Avith this periosteum. It is reasons^ 
feel that an aneurysm of thin Avail containing blood Avould not be expec 


to 


pi 


•esent a dense or discrete shadow, especially in such a projection as 


^ the lateral 


lu the fii-st two patients (Pigs. 2 and 3), presenting massive 
pressing against the posterior surface of the sternum, there Avas mapr 
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Flff, i.—pRtlont, E. H. Photoffmph IllUBlmtlnp the Inclusion of Ute drcwlng within star 

mitUMM after tho aneurjem iUuatmtod In PIC. 1 nipturod during deconiprwlon mnnouvers. 



rHoto^ph lllufttmtlng a largo aneurj-sm arising from Innominate 
• tan^iv clayloolnr and right cervical rcglom Aneurysm ruptured apon- • 

tecond ‘^^compression through a thiimod-ont area of Us wall pressing against tho 
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pression of the lower trachea and ]joth main stem hronchi. In attempting to 
decompress these tivo lesions, spontaneous rupture of the anterior surface of the 
aneurysmal wall occurred at the operating table. This catastrophe was dealt 
with by keeping pressure with the hands over the area of leakage, and sewing 
a large wide strip of thrombin-soaked Gel-foam to a strip of cellophane, and 
then placing sutures to near-by stnietures, so that this lay above the operator’s 
hand; sutures for closure of the wound were placed, following winch the hand 
was removed, the Gel-foam plaque applied immediately to the leaking surface, 
and the wound closed rapidly. This jiroved to be a temporizing method in both 
cases, inasmuch as one patient subsequently ruptured fatally on the sixteenth 
day, and the other on the nineteenth. At autopsy in the first patient it was 
found that mpture had occurred at a new site and there was apparent closui’e 
of the accidental rupture occurring on the operating table. In the second patient 
the fatal episode consisted of leakage tlunugh the original site of rupture. In 
both these patients, at the time the accident occurred, the ascending aorta was 
explored inasmuch as both were lesions of the innominate artery, in the hope 
that one might be able to ligate the base of the artery. However, in both cases 
the aneurysmal and syphilitic disease ivas involved down onto the wall of the 
ascending aorta in such a manner that no such measure could be imdertaken. 

The main lesson to be leained from this experience is not to remove hone 
directly in contact wnth aneurimmal wall. The second consideration is to appre¬ 
ciate that the lateral projection x-ray may not tell the exact proximity of the 
aneurysmal wmll to such an overlying structure as the sternum. 

A second, most interesting, complication of aneurysmal disease was also 
discovered by the process of trial and error. Many of the colored patients rvith 
aneurysmal disease originally enter the hospital due to the pulmonary comph-- 
cations of the aneurysm. Thus, they are admitted to the Medical Service because 
of pneumonia and atelectasis. In one such patient delayed resolution of the 
pneumonic process led to further' detailed x-ray studies and a proper diagnosis 
of the underlying obstractive agent. There was a total atelectasis of the left 
lung, and a major aneurysm of the descending arch of the aorin. The patient 
had aclrieved maximum benefit from chemotherapeutic agents and medica 
therapy, and no major complaints relative to the respiratory function were 
present. The atelectasis persisted. 

The patient was taken to the operating room, anesthesia induced, and en o 
tracheal tube introduced. At the time of induction of the endotracheal tu e 
apnea appeared, which was thought bj’’ tlie anesthetist to be due to depti o 
anesthesia. The patient was then placed in position for a left posterola^r^ 
approach. Despite release from anesthetic agents the patient’s apnea per^ 6 , 
so that he was returned to the supine position and the endotracheal 1u e le 
moved. It was obvious that the patient was breathing with marked di 
as from obstruction. Bronchoscope was introduced and it was very 
to visualize the severe degree of edema and constriction of the lower en o^ 
trachea, as well as .the entire left main stem bronchus, secondary to aneuij^’^^ 
compression. Despite all attempts at resuscitative measures the patien i 
about four hours later. 
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Thorcforo, it was concluded timt any patient having major traclieal or 
bronchial obstruction, sccondnrj- to an aneurysm, lias not only compression but 
severe associated edema due to obstruction of venous flow, and tliat tliis obstruc¬ 
tion must be corrected prior to any open intnitlioi'aeic operative procedures 
(Pig. 4). Again, by a process of trial and error and referral to previous works 
on decompression of tlic thoracic inlet, three major methods for decompression 
were evolved. This pixiceduro is always carried out under Novocain infiltration 
and may be assisted by a veiy .slow dilute intravenous drip of sodium pentothal. 
True general nnc.stiie3in is diligently avoidisl. It seems that -with general anes¬ 
thesia there is some relaxation of the support of the tracheal and broncliial wall 
which may convert a partial into a total obstruction. 



—ratlent, Mr. W. B. Thia x-rmv niuatratoa Ui6 tracheobronchial comprenlon 
PJ^uced u ■>'phUluc aneuirem of the tnoomlnate arten*. Note the atelectaalj of the right 
loboa and ohatructlve entiphrecma of tho right upper lobe. Tills patient 
Intrathoruolo surger>' wdl after a preliminary Uecomprewlon opemtlon on the right 


The measures whioli wo liave utilircd for decompression are outlined in Pigs, 
fi. 6, and 7 and consist, essentially, of enlarging the thorocic inlet by i-csection 
of a portion of die elaviclc and upper two rilis over a lesion wliieli is obstructing 
one bronchus. In some cases it is ncccasary to do tliia hilateraily, if both bixmchi 
are involved and the lesion lies against the sternum. In lesions whicli are well 
separated from the Btomnm, such ns an aneurj'sm of the descending portion of 
the arch or descending thoracic aorta, a sternal split with implantation of sup¬ 
porting wedge material, oitlior of bone or metal, has been utilized. Following 
this operative procedure the patient frequently notes an almost immediate im¬ 
provement in respiration. However, a change in x-ray and clinical findings is 
seldom noted prior to two weeks following oiiernlion, and it is often iiccessaty 
to wait from three to four weeks to obtain maximum clinical benefit. This is 
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Silver traces spi'e ad 
stemuiw 


Ot>lonj> sectioPL TGiDoved 
ff'Otiv ste-rnti-m 



Fig. 5.—Illustration showing metliod for decompre^lon jiaza'^o'us. 

study. This metliod was found to be the least effective, ns well as the most nnzai 
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Fig. 7. 
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duo to tlie time iieccssjii-j’ Tor Uio resohition of tlic sovcre cdcinn present seoondnrj’ 
to the nncur.'i’sm. 

A third complicntioii whicli was noted to arise in tlic carrying out of tliis 
clinical experimentation has heen the effect of irritating cellophane when brought 
into contact with the auricles. On three occasions the niaterinl has been applied 
within the ]>cncanlinl sac. Two patients having a primary aneurysm of the 
ascending aorta weie tivatcd by the application of cellophane. The first opera¬ 
tion (Fig. 8) was done early in the study, and irritative tj’pc cellophane placed 
about the area of nnouryamnl disease. The pastoperntive eouiso was unoveutful, 
there l)eing no niTbytlunins nr scrioirs eai-diac dysfunction noted. This patient 
was followed for n period of ten weeha following surgery and had resumed 
gainful oecuiintion hy that time. Unfortunately it has not been |)os.sible to 
obtain any follow-up data in rcgtird to this patient since tlmt time. 



riff. 8.—x-my view demonrtrntlnar n Inree nnenrj'«ninl (lllRtatlon of tlio latcml wull or 
"JWnalnff fiorta. Note tiio Bcoondarj' ntolectaHU of tho rlitht ueper lobo ae o-ell a* tlio 
ompliy*cnia of tho rlclit nilrtiUu anU lower lobe?. IntrapcricarClal cellophane wbj 
QppHofl In Uil* Inauince. 

A second colored patlont ancuryBiual diRoai»o of tJie ancending aorta was treated 
by application of Irrltatlvo eellopbane ton montha before this communicntloiu In tbU 
patient n second outer layer of nonirritntlvo t.\i»o of cellophane was applied over the lower 
third of the (tscendinp aorta in onler not to briuf* irritative cellophane in contact with tho 
auricular appendaRe, This patient's poMopomtive courw; waa not complicated by any 
niiURunl cardiac airliyihniln. Tlie outer layer of nouirritativu type of eellophane 
opplled in till? imtlenl, duo to an unfortunate exiiurieiire f^minefl on tlie neconil ^mtleut in 
lAhoni Intmperlcurdlal cellophane wna applle*!. 

Till? iwtieiit (PijfS. 0 nud 10) wnn a ai-year-old while woman, In whom there had 
a very rapid and progronKlvo enlargement of n primary nncurynn of the main pul- 
taonarj- artery. Thia lenloa wan treated by the primary application of Polythouo cello* 
p^iane, with no method of protection, utilized to prevent contact of tho collophano with 
® ounclc*. The imtlcnt’g postopomtivo course was uneventful until tho eighth day, 
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Fig. 9.—Patient, Mrs. K. W. X-ray film demonstrating a. massive solltarj' aneurysm of the 

main pulmonary artery. 



Fig. 10.—Patient, Mrs. R. "W. Photograph illustrates 
time of operation. Cellophane was applied within the p 
the use of a protective layer of nonreactive cellophane. 


tes the appearance of the legion 
pericardial sac In this Instance 
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postopemtively, when she anddonly dcvolopod dyspnea and procordial distress apparently 
in association rrith ventricular Hbrlllatlon. The patient died vorj* soon after the onset of 
this episode, so that exact details of the tj-po of arrhythmia vrhich might have been 
obtained from eloetTotardiographic studios were not avaUablo. 



. Pig. 11.—PaOent Mrs. R. tV. Photograph taken of Iho postmortem specimen. Note 
nebular reaction over outer wall of the primary anmir^-»m of the pulmonary artery. Cello¬ 
phane had been In place for elciit days. 

Post-mortem examination 8howe<l conaidemble fibroblastic reaction (Fig. 11) and 
responio about the area tvhereupon cellophane had been placed. This was not confined 
entirely to the area of anenrj’smal disease, but also involved the overlying pericardium and 
the portion of the left auricle which was in coutact. An extremely small area of myo- 
esrdlal infarction in the terminal portion of the oroa of distribution of the anterior de¬ 
fending coronary arterj' was also present but was not folt to be of sufficient sire to 
explain the acute fatal episode. Therefore, tho presiuuptive opinion was that there are 
certain dangers inherent upon allowing irritative cellophane to come in contact with the 
turienJar wall. The supposition Is mndo that hyporlrritabllity may be produced with con- 
seqoent. disturbance of both tho pacemaker and conduction mechanisms. Certainly a 
solltarj’ clinical experience of this type does not justify tho formation of any permanent 
conclusions, but does indicate the need for further animal experimentation in this regard. 

It is felt tliat until further data are obtainable, should one place cellophane within 
tlie pericardium, the addition of an external, nonli^tatlve layer would appear to be 

indicated. ^ 

Our most dramatic clinical application of this procedure occurred early in the in- 
^«tigatlve period. A white man of 62 years (Fig. 12), with known positive serologj*, was 
n mitted to the Grady Memorial Hospital in critical condition secondary to massive he¬ 
moptysis. Studies revealed the presence of a large aneurysm, occupying tho mid-portion 
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of the aortic arch and a second, even larger, anenrj'sm was present in the descending 
thoracic aorta just above the left diaphragm. The patient described verj' definite locnl- 
iziug sjTnptoms ns to the origin of the pulmonary bleeding, namelj', at the base of the left 
lung. This patient continued to bleed very actively and it appeared that, a fatal issue 
would ensue unless heroic measures were attempted. 



Fiff. 12. —Patient, Jtr. S. N. Posteronnterlor x-ray view arc ^ra"'" 

presence of multiple aortic aneurj'snis due to syphilis. Superimposed on this a supra- 

the outlines of the large "anourj-sm of the mid-portion of the aortic crcR pj tjie lung, 

diaphragmatic aneun-sm with its point of communication with tlie right lo^^er loDC 


Therefore, the patient was taken to the operating room, and through a e ^ 

pleural approach the aneuri-sm of the descending thoracic aorta was tusuabze , 
definite aortopulmonary- fistula was found to bo present. The adherent over 
was freed up and the fistulous communication clamped off at a 1 cm. distance m ^ 
aneurysm and transected. Therefore, a small portion of the lung was left ad eren ^ 
aneurj'sm and utilized in the closure of this area of defect in the aneurysmal wn 
pleural graft was then placed over this area of repair in the aneurj-smal ua 
aneurysm was surrounded with four thicknesses of Polythene cellophane. le 
the left lower lobe was closed with interrupted silk sutures. ,, 

In view of the patient’s general condition the second aneurysm vine 
mid-portion of the aortic arch was not treated at this time. The patient s rMO 
uneventful and he returned to a gainful occupation for a period of fi'' ® 
months. He refused further surgery in relation to the aneurysm of the aor ic a^ 
patient died suddenly five and one-half mouths following surgery, but pos signs of 

nation was not permitted. For three weeks prior to death the patient ha s m ^ 
increasing obstruction to the trachea and there was considerable 

of his sudden death. It is suspected that the upper aneurysm may have patient 

but exact knowledge in this regard is not available. It is felt, hou e\ er, a j]g(u]ou.s 
demonstrates a definite application for tliis method of procedure in the presence 
communication between an aortic aneurysm and the pulmonary tree. ^pfied «« 

In only one other instance in our study group has this procedure )emi white 

• aid in the control of massive pulmonary hemorrhage. Tliis patient is a o ^ jijs 

man (Figs. 13, 14, 15) who has been known to have some cardiac j,o ontc- 

life. A cardiac murmur is stated to have been noted at the age o y i 
cedent history to suggest rheumatic fever. No cyanosis had been no e 




A. 


2J. 


FIs'. 1), A and i/.—I’nliciit, ilr. T. K. l‘uatcrwnnUTlor and left lotcml roontffonopmmi 
Jliowinpr niaMlve nneuo‘H««wl dilatation of tho |mlmonnr>’ arteries. >non' nuirkwl on the left 
Note partlcularlr tho “pf*eiido-t'mbn'o'’ Hhndow In the liiteml projection. TJdn type of ahadow 
was aecn In both i»atlonta linvlnc ctmKonltnl nnouo'nma Ueacrfbeil In this communication. 



ment 3Jr. T. P. L. Uplodol bronchocram demonatmtlnff moaaivo cnlarRc- 

lorior pulmonary artery producing compresalon of bronchi moat marked upon prw- 

"^rment of the left upper lob^ 
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of 29 years. At that age the patient began to note frequent recurring episodes of pneu¬ 
monitis occurring with essentially equal frequency on the two sides of the chest. Increas¬ 
ing wheezing, cough, and occasional hemoptysis had been noted since the age of 31 years. 
Two years prior to seeing this patient, x-ray studies were carried out and a tentative diag¬ 
nosis of mediastinal lymphoma made. He received two courses of deep x-ray therapy 
without change either in symptoms or x-ray findings. 


Engoi’^fed j 
■pulrnonary 
; . b f nn cbcs ; 





Cellopborie i 

cv-.xMind v-iVill.'i of pvi1:noiia->y 
• di'twy arxl bpinches , . , : 

F1&. 15.—Patient, Mr. T. F. L. Artist’s ■Jrawlng showing 
applied to massive aneurj-sm of left pulmonarj' arte^. t loft shows the high la 

the segmental branches going to the left upper lobe. Insert at 
approach used. 

This patient was first brought to my attention October, 1945, and present in 

• marked clubbing of the fingers, definite cyanosis, and a loud ° ^ studies presented 
the second and third interspaces to the left of the sternum. ip pulmonary 

evidence of massive enlargement of the pulmonary arteries, par icu ar Cardiac 

artery, and considerable secondary obstruction to the bronchia re namely, 

catheter investigation revealed an extremely liigh pressure in the r g 
125 mm. of mercury, compared with a systolic blood, pressure o , on two snh- 

marked elevation of the pressure within the right v^tncle was variance in 

sequent cardiac catheter studies, but these three studies sh ^ auricle, and 

. relative oxygenation of the blood obtained from the superior ve ^ns 

right ventricle. On one of these examinations the exanainer fe septal defect. 

, able to pass the catheter into the left auricle toough a la corroborated. 

During the subsequent two cardiac catheter studies this find g findings were 

The patient underwent angiocardiography on two Pept under ob- 

inconclusive relative to the presence of apparently in extremis and 

servation, and on Jan. 12, 1946, v^as admitted to the hospit PP , 
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Buffering from ertromely copious hemoptysis. The patient locollBed tho site of bleoOing 
in the region of tho loft upper lobe. The pulmonnrj' blce<llng persiated in such an active 
form that operative Intervention was felt indicated. A left transpleural approach was 
used, revealing an extreme mossivo dilatation of tho left pulmonary artery, such that nt 
tlie point of emergence of this vessel from tho pericardium Its transverse diameter was 
found to bo 12 cm. This dilatation appeared uniform throughout the course of the vessel 
and its primarj' branches, particnlarly to tho left upper lobe. The vessel was therefore 
surrounded with two layers of Polythono eollophano and tho branches to the apical and 
anterior segraonts of tlie left up]>or lobe were similarly surrounded, inasmuch as there was 
objective ovidenco of considemblo saturation of those t^vo segments with extravasated 
blood. In view of the extremely high pressure knoum to exist in the right ventricle and 
pulmonary artery it was felt unsafe to tmnscct those two bmnehes and it was also feared 
that suture lines might not hold in such a diffusely diseased vessel. 

The postoperative course wos essentially unevontfol and two months following sur- 
gerj' the patient was able to return to gainful occupation. He has been kept under ob* 
sor\’ation since that time and subsequent cardiac cathcterlration studies have shown an 
actual increase in tho pressure present within tho right ventricle. There has been a very 
definite Improvement in tbe aeration of tho left lung, but no dramatic evidence of decrease 
in slie of tho aneurjnumal dilatatlou of tho left pulmonary artery lias been noted upon 
x-ray studies. It does appear to have considerably less pulsation visible on fluoroscopy 
than that noted on the right, and tho right pulmonarj' artery appears to have increased 
somewhat. The patient has progressed suniclcntly well clinically that wo have not felt 
justlflod to carry out what is still an exporimontnl procedure in regard to the right pul- 
monary artery. There hoa been no rocurreiice of hemoptysis, and although the patient 
shows some eWdence of i>erslstont decreased pulmouary and cardiac reserve, as well as an 
increase in pressure In the riglit ventricle, it is felt that operative interference has proved 
of clinical beneflt to liim. 


A second patient (Figs. 10 and 17) with on unusual t>'pe of congenital vascular 
anomaly and associated aneurysm came under observation in March, 19J7. This patient 
a 27-year-old white man, a veteran, wlio had l>een complaining of some discomfort in 
the upper substemal area and left side of the cheat for five months. X-ray examinations 
elsewhere had been interpreted as shotting evidence of mediastinal lymphoma and the 
patient had been given a course of deep x-ray therapy. On examination at this hospital 
very marked discrepancy between the systolic blood pressure in tbe right and left arms 
a-ero noted, namely, a pressure of 130 in the right arm and 90 in the left A maclilnery 
type of systolic and diastolic mnnuur was found to be present in the second left interspace, 
which could also be well heard in tho left interscapular space. Fluoroscopic studies in¬ 
dicated a pulsatile character to the mass, and angiocardiogram was carried out. A diag¬ 
nosis of unusual multllocular tjT>o of aneurysm of the descending portion of the thoracic 
®orta WEB made, and the patient was therefore snbjected to exploratory left thoracotomy. 


A most unnsnal condition-was presented. There was no evidence of persistence of 
the ductni arteriosus. The descending portion of the aortic arch appeared to be made op 
of two parallel vascular tubes, with a communication between these two arteries, similar 
to that which might bo formed by n slde-to-side tyj^ of anastomosis. Thus, os one fol¬ 
lowed the aortic arch the left carotid artery appeared to arise in a normal position, as 
also did the left subclavian artery, except for the presence of definite aneurysmal disease 
Involving its hose and proximal 8 cm. The aortic arch then continued downward for 
opproximatoly 2 iuchee and stopped as a blind end. This structure lay medial to another 
vasonltr tube which arose as a blind end 2 cm. distal to the base of the left subclavian 
artery, continued down lateral to the original tube forming the blind end of the descending 
J^} and then contlnned on downward as an apparently normal descending aorta. A very 
ng to-and-fro thrill was present over tho point of side-to-sido communication of these 
^ cluster of extremely thin-walled, cherry-sized aneurysmal structures pre- 
n ed about the entire area in which these two arteries were in apposition The most 
advanced- * _ . 


ftrea of aneurysmal disease was noted at the blind end of the proximal limb and 



452 


THE .TOURX^VL OF THORACIC SURGERY 


on the upper lateral wall of the distal liinh^ and these are the areas where it would appear 
there would be the greatest degree of intra-arterial pressure. In many areas tlie.sc points 
of ancury.sinal di.sea.se were so thin-walled ns to lie almost trnnsjmrent, and it wa.s not felt 
safe to remove the oveilying jdeura in all areas. There was also considcrahlo disease on 
the posterior aspect of the anomaly eroding into the dorsal vertebmo. 

Partial appliesrtion of cellojihanc was therefore carried out, as it was felt inipo.ssiblc 
to free the area from its points of contact with vertebr.al erosion. The 'patient’s post¬ 
operative course was uneventful and he was discharged from the hospital six weeks fol- 
lowng surgery. However, one month thereafter the patient experienced severe lancinating 
pain in the upper left posterior part of the chest in conjunction with rather hoisterous 


fib. 16 . 



Fig. 1 


J.<. 

:. 16 shows the POsteroanterlor aortic 


Figs. IG and 17—PaUent, Air. K. L. Fig. 16 shows the posiero^ew- aor c 

tlie chest Note Oie rather vague nodular shadow In the re^on of the proHng tlie 

toob 17 demonstrates the tilling of this shadow with 70 per cent moon 

presence of a congenital aneurj'sm of the aorta. 
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laughter. Thle pain per«Ute<l an<l the pntlont roturiio<3 to the hospital, showing cvidonco 
of marked cnlargemont of tlio Qnoun,-Hiiinl Mindow. Tiiero ^rn« rather rapid onset of nto- 
lectatds in the left upper lobe thoronfter, antiocintcd with nn acute inflammatory reaction. 
The response to chemntlienipy wuh slow and incomplete and the upper lobe showed ovidonco 
of multiple areas of abscess formation. 

Cautious bronchosco\>ie thenipy won then instituted \cilh gradual but definite benefit 
to patient. Two weeks later the xmtient began to present increasingly sovoro lionioptysis 
which subjectively was arising from the left upper lobe area. He showed increasing blood 
pressure in the right upi>er extremity, nnd decreasing systolic blood pressure readings in 
the left upper extremity and in the legs. The patient final!}' died four atid one-lmlf months 
following celloj)hano application to the uiiourysni with nn episode of exsanguinating 
hemoptysis. 

Autopsy was jHjrformcd and it was found that tlie urea of nnourA'snml oronion, poste¬ 
riorly, had probably Icakml ou several occasions nnd markedly displaced llie cellophane 
from its original point of npidicution. In fact, n considerable amount of hcmntoinn fluid 
was present between the collnplmnc and the original aneurysmal wall, and the amount of 
reactive thiekenlug of the wall was extreinoly dlwippolnllng. Fistulous communication 
l^etweeu the areas of false aJiourysntal sac at the left upper Join* bronchus was found, nnd 
no cellophane was found in this urea. It was felt not to huvu plnye<l a role iu the forma¬ 
tion of this fistula. The lock of reaciioa about this aneurysm was felt to ho duo cither 
to the early Interposition of henmlomn fluid between the nneorysninl wall and tlio ovor- 
iying cellophane, or possibly doe to the fact that the cellophane uliUted had been kept In 
alcohol for several weeks prior to its application. There were not sufficient data available 
at this time, but it was Iwlleved tliat to prolong the soaking of Polythene ecllophane In 
alcohol ap|>eara to diminish the degree of tissue ren<‘tiojt. 


In general, this mtlwtnnce lins beou subject to ralhor severe clinical tests 
inasmuch as the procc<lurc is still considorcU to lx* cxperuncntal, and therefore 
one Is only justified in utilizing wltnt iippcared to l)c othcnvisc Itopcless cases. 


The first patient (Fig. IS) In whom this pmccduro was carried out at the Grady 
ircraorinl Hospital is a 48-yenr-tdd colored woman who first i>rosentod n bnsebalbsitotl 
nnonrysm projecting Ihrongh the right anterior chest wall and having partially destroyed 
areas of the first, second, and third ribs on the right, anteriorly. This lesion showed 
marked pulsation, and x-ray exnnunnticm revealed the presence of a hvige upper modinstlnal 
mass. The patient was ojMsniled ujkhi in OctolaT, imfl, through a right transpleural 
approach, rovenlijig the ])n3sonco of a DJiuwlve aiiourjsm iuvolving tho ascending aorta 
and Innominate urtcr}-, with n considerable oron of overlying false aneurj'BranI sac. The 
*°Perior vonn cava was markedly flattened and widened. Tlie aneurysm could not be 
totally surroonde<l hut Pol}'thene eoDoplmne was applied to as much of the presenting 
surface as posalhlo and almut the bam) of the area of extension of the nnouryam through 
the anterior chest wall. The intrnthoracic portion of the nneuryam having been treated, 
it was planned to carry out application of the irritative flul»stanco to tho oxtmthomcic 
portion of the aneurysm at a subsequent stage. This anonrj’sm wos B}'philltic in origin. 
Tho second operative procedure was refused by tho patient. 

The immediato postoperative course wos remarkably uneventful nnd during tho 
onsnlng months the area of visible and palpable oitrnthoraclc anouiysm was seen to recode 
completely and lose its pulsatile quality. The patient did well for twenty-one months 
following surgery, at which time there begun to be n gradual re-enlnrgement of tlie fol- 
owlng nntethomcic area of tincurysmul di«eat*c. 'Che imtiout has continued to refuse 
' snrger}', and this urea has been iiote<1 to enlarge slowly nnd gradually up to the 

prwiit time. Tt has now ulmoKt ncliloved its original si*m. The imtienf Is aow nllve, 
rty-ono months following orighinl nppHcntioii of cellophane. 

The original intmthomcic shadow showed tho typical initial period of primary en- 
nrgeraent, nnd has since returned to ossentinlly its originaJ size. At the time of cello- 
r lane application llpiodol was inected subpleurally over tho lateral extension of the anou- 
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films. the time of immediate postoperative 





n^n+P’ " 'til a •a>'ee°fals^sac paOent has a massive aneurj'sm of Oie ■ Innominate 

seating under the skin prior to oilfonh^S^ ’’ad eroded through the anterior thoracic wall, pre- 
a-n prior to cellophane application. Patient was still alive ts\'o years later. 


iliooo^u ^ aiieuiysm has been dealt Avith in this study, namely, 

attack ^tieurj sm of the thoracic aorta. The application of this method of 
It 1 ^ j of lesion appeal's vei'y questionable on theoretical grounds. 

to apply Idiis method in rather desperate-appealing 
. . / y ■''dth the plan in mind of application of the irritative substance 

fltto H wall, proximal to the area of dissecting aneurysm. Particular 

. j. paid to this factor because of the tendency for these lesions 

issec proxhnally and terminate Avith fatal rupture into the pericardial sac. 


arch and with dissecting aneurysm of the descending portion of the thoracic 

tFiff 191 descending thoracic aorta have been operated upon. The first patient, 

nrespnf n operated upon in December, 1945, and a massive aneurj'sm found to be 
attcniinn ane was applied over the entire course of the-aneurysm, Avith particular 

of tho tiir. ° ’ng the aorta with cellophane in the area of the transverse portion 

of disiipcfi ’ ®*’'®odiug two inches immediately above the apparent site of origia 

No dram f " 1 , patiout sunfivcd twenty-liv'e months following the operative procedure. 
OP roof,'o + ’’oso in the size of aneurysmal disease was noted. The patient was a 

Tin d'd 1C prior to the time of cellophane application and continued to bo, thereaffet. 

, , . , gainful emplojTuent. He did experience an episode of acute upper 

mina Pam entoen months folloAAing the original intrathoracic procedure, which 
^ ae to a perforation of n peptic ulcer of the duodenum, which responded 
we 0 ’lame ate surgery. The patient experienced considerable decreased respiratory 
reserve ue o extrinsic compression by the aneurysmal mass upon the left lung. This 
p lenomermn was present prior to operation and was not markedly benefited by the pm- 
ce are. e paDent died suddenly twenty-fiA'e months folloA\ing the original operation 
and unfortunately post-mortem examination could not be obtained. 
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A second patient (Fig. 20) with a fairly Biniilnr, but loM advanced, stngo of disease 
of dissecting aneurj’sm was treated in April, 1047. This patient was seon two weeks fol¬ 
lowing apparent original episode of dissection of tho aortic wall nud was treated by bed 
rest for six weeks. Ho experienced persistent pain and extremely rapid weight loss. The 
serology in both patients with dissecting aneurysm showed no evidence of syphilitic disease. 



_ Flj. 19.—Pntknt, Mr. J. C. C. This x-ray Olm Illustrate* a massive Ulssectlnc aneurysm 
ni the deecomllng thoracic aorta. Note tho aesoclatod en>yhyactx«. and compreMlon-tyi>e 
atelectasis of the left lung. 



Pic. 20. Fig. 2L 

s —^tt«nt, Mr. T. F. T. Posteronnterior x-ray view showing the shadow cast hr 

. ■•ocung aneurysm of the aortic arch and upper portion descending thoracic aorta. 

Note T. r. T. AnEloctmllocrum talton In the left Intorel Drojeetlon. 

the ® ehedow pre^nted. The denM •h.dort te prodneed by Dlodmet pnealnr throoch 

we normei Idmen; the llchter ihndow repreionte tho area of dtioeoHon. uiraupn 
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Uiglit -weeks following the original ncule episode, the second patient was studied ))y angio- - 
cardiogi-airhr and a vor 3 '^ good demonstration of Ihe lesion was obtained (Fig. 21). It wb.s ! 
possible to carry out complete .surrounding a])plication of cellophane to this lesion, in-, 
volving considerable area of the aorta above and below the points of dissection. The 
patient e.vperienccd no difficult.y following surgerj-, and two months after operation, had 
regained the thirty-five pounds which he had lost and returned to his previous gainful 
occupation. He has had no sj-niptoms since that time and tlie x-ray studies show no visible , ; 
change in the size of the original lesion. There has been no change in the blood pressures 
in the upper and lower extremities, post operative! j-, in comparison to those obtained prior , 
to surgical intervention. The progress of this second patient has been very gratifying'to 
date, but it is felt that until further data-become available that, it is perfectly possible 
that a similar pleasing course might have occurred had no surgerj' been performed. 


At the completion of the fifst year of this study, our data Avere reAaewed 
and AAT Avere impre.ssed by tlie fairly unifonuly satisfaetoiy results AA'hieh had 
been obtained in patients in Avhom the entire area of aneuiysmal disea.se could 
be surrounded by cellophane. HoAt'ever, the majority of patients presented 
lesions in AA'bieb a large area of the aneuiysm could not be surroimded, due to 
erosion into OA^erljdng or underlying bony structures. In 40 per cent of these 
patients aa'c did apparently acbicA’^e a definite decrease in the amount of pain 
experienced bj' the patient bj' the application of this substance. In the other 
60 per cent no apparent benefits Avere obtained. In the majority of these patients 
folloAV-up studies have demonstrated a progression of their disease and fatal 
issue has occurred in 65 per cent from tAvo to fourteen months foUoAving surgery. 

Realizing tlie Amriance in prognosis and duration of life AAdth this type of 
aneurysm, it is not felt that life has been prolonged in anj' of these patients, 
and the only benefit noted in these adAmnccd cases has been reduction of paifi 
in 40 per cent. Furtbennore, the majoritA’- of these patients baA'e died AAnthin 
foui’ months of institution of operatiA’’c therapy and it has been felt that this 
tAp)e of lesion needs a combination of methods in the tlierapeutic approacli. 


Therefore, in four instances during the past year patients AAuth adi'anced aneu¬ 
rysmal disease haAm been treated by a comln'nation of partial cellophane applica¬ 
tion, plus internal Aviring. In one patient Avith a A'eiy massiAT aneurysm of tlm 
transverse and descending portions of the aortic arch, this procedure Avas eani^ 
out and the patient died suddenly' ten day^s folloAving surgeiy and Avas foun , 
at autopsy’’ examination, to baA'e delivered a large embolus up through the c 
common carotid arteiy. A considerable amount of freSh clot Avas noted Avit nn 
the aneuiysm, and there appeared to be adequate early, peri-arterial reaction. 


Two other patients with lesions of the descending thoracic aorta have been 
treated, and now at three and five months postoperativelj’ they appear to be progressing ^ 
factorily. A fourth patient (Figs. 22, 23, 24, and 25) with similar disease was 
upon ten months before this communication, and his course has been sufficiently rnm^ ^ 
that it is felt worthy of specific note. This patient was a 48 -y'ear-old colore nm 
veteran, who was sent to the Lawson Veterans Administration Hospital. The esion 
progressed to sufficient size that the overlying skin showed definite early 
mediate surgical intervention was felt indicated, so that a right anterior ^ 

approach was utilized. It had been lioped that it might be possible to occ u e i 
nominate at its base, but the area of aneurysmal disease -was found to exten or 
siderable distance do-wn the ascending aorta so that cellophane was applied a lou 
of the innominate artery, as well as the area of disease of the ascending aorta. 
stance was also applied, to as great an extent as possible, about the innomina 



Vic. 55. nc. 53. 

. VlRK. 55 nntl 25.—I’litlvnt, i(r. A. il. Km. 55 tho liirwo imounimi of the 

InnouUnato artiTj' Pluji tho Inrs^' fiil>M-»a»r m thf KUionxtPtmil im'ii. . Kic. 5S n-|>t*esontH an 
3c-ray view takorx wlx ilay* followlnc iiunior>'. Tin- how pi’finiHl followlnc tJio orlRlnal 

aaplratlon. Silver wire plucod In till* wic »lm-n not t.how uj> %\oll nn tho ilhii. 



Fir H. Fir So. 

—Fatlent, Itr. A. II. Photograph to ahovr proftlo of cenicjiJ falae-mo ihreo 
mart* orlidnal wlloplmno WTappIng and wlrinc operation- Corvlcnl Inclalon liail lieen 

inoniooM purpose of Inserting Rtldltlonol wire but ixsplmtJon rovealeil oriclnal com- 

!■ pajent nneuryom w'oa now occluded, lireffiilar contour In thli photOKrapli 

produced by tlio contain^ wire after contents wore oaplrateiL 
tion. .“^•"rl^atlent. Mr. A- IL Profllo photoffmph taken ten months after orlclnal opnra- 
.■ "Inco bocoiDo progrCMlVQlr ■mailer and now measure* l cm. In diameter, 
“'frat 1 * clinically well. 
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It -was felt that we were able to apply the substance to approximately 80 per cent of the 
surface of the aneurysm. 

Particular attempts were made to place the cellophane about the base of the projec¬ 
tion of the aneurysm up into the false sac which presented in the neck. Following applica¬ 
tion of the substance, a large spinal needle was introduced through the wall of the aneu¬ 
rysm up into the sac presenting in the neck. There appeared to be e^^dence, upon insertion 
of the needle, that the inner wall of the innominate aneurysm contained a thick layer of 
blood clot. It was found that the projection of the aneurj-sm up in the neck could be 
aspirated of old hematoma fluid, and that the area of communication with the primaiy 
aneurysm was apparently small as evidenced by relativel 3 - slow' refilling of-the aneurvsmal 
sac. A considerable amount of silver ivire was then injected into this sac through the 
spinal needle before mentioned, and the chest wall closed after removal of the needle and 
application of fibrin-foam to the site of needle puncture. , . 

The patient’s postoperative course was complicated b\’ a certain amount of atelectasis 
and episodes of paroxysmal auricular fibrillation. An outer protective layer of nonirritat¬ 
ing cellophane was not utilized as much as it was felt that the area of ascending aortic 
aneurysmal disease did not necessitate the application of irritating cellophane in a region 
which might irritate either auricular or ventricular wall. The patient’s progress was slow 
and the area of aneurysm presenting in the neck remained approximately 60 per cent of 
its preoperative size, became definitely' less pulsatile, and allow'ed the overlydng skin to 
resume the normal texture and appearance. Two months following the original operation 
it was considered that it might be advisable to implant a larger amount of silver wire into 
the false sac presenting in the neck. Therefore an incision was made in the neck, on its 
right lateral aspect, and the w'nll of the aneurysmal sac visualized. The needle was in¬ 
serted into this wall. A surprisingly thin type of hematoma fluid was encountered which 
was aspirated. The original wire could be palpated at this time. 

Surprisingly, there appeared to be no tendencj' for this sac to refill, so that the 
operative procedure was terminated and the patient returned to the ward. The false 
aneurysmal sac in the neck was noted to re-cnlarge gradually over a period of eight days. 
A needle was again re-inserted into the sac through the tissues of the neck and the cavity 
evacuated. Fhirther observation revealed that this procedure was necessary at ahont 
seven- to ten-day intervals and he was returned to another veterans’ facility three months 
following the original operative procedure. Ten months after the original operation the 
patient presented a small firm nonpulsatile lesion in the supersternal notch measuring 2 
cm. in diameter and he has not required aspiration for the past five weeks. No appre¬ 
ciable change in the size of the intrathoracic masses is noted on subsequent x-raj' studies. 
It is now planned to study' the lesion wdth angiocardiographic visualization and to follow 
the patient periodically. It is felt that this patient has demonstrated unequivocal evidence 
of the value of a combination of methods of approach to an advanced aneurysmal lesion. 

SUJIMARY AND CONCLUSIONS 

I T\Tsh to re-empliasize that this report must be considered preliminary'm 
type and that the findings to date are not conclusive. This study has involved , 
the application of experimental methods to human aneurysmal disease in 23 
patients. The experimental character of this approach has required the apph- 
cation of this substance to disease in an advanced and apparently hopeless stage. 
This has produced a rather severe clinical test of the method. Unfortunately 
this has required that a large percentage of the patients present lesions whicn 
cannot be totally' surrounded by' the irritative substance. Polythene ceUopbane. 
The results have been strikingly and uniformly more beneficial in those patients 
in whom total surrounding of the lesion has been aehieved. 

The majority of the lesions treated have been of syphilitic origin. Un or- 
tunately, in the main, these patients have been members of the indigent, colore , 
and lower intelligence bracket. This factor has markedly hindered the adequacy 
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of foIlow-op studies nnd, in pnrticulnr, has permitted remarkably few post¬ 
mortem examinations in patients wbcrcin a fatal conclusion occurred. In certain 
instances, falsification of name and address have deprived us of any follow-up 
knowledge of patients following their discharge from the hospital. Adequate 
clinical follow-up studies and tissue examination, to demonstrate the effect of 
Pol.vthcne cellophane upon the human tissues, is not available. Certain errors 
in the management nnd technique of the treatment of these patients have 
occurred, especially in the early stages of this study, nnd we have felt that it is 
particularly important for this comniunieation to draw special attention to these 
failures. Certain methods which we have instituted in order to emdicnte the 
repetition of such disasters have licon described. 

Wo vrish particularly to re-emphasize the danger of separating an area of 
nncnr.vsmal disease fimn a point of Imny contact. Furthermore, we have at¬ 
tempted to stress the frequency with which anenr;i'smnl disease in proximity to 
the trachea or main stem bronchus may produce an extremely diminished vital 
capacity, pronounced endobronchial or endotmehenl edema, and preclude the 
possibility of open thoracic procedures until certain corrective mca-surcs have 
been instituted. We have utilized two main methods of eplargcment of the 
thoracic inlet. In patients in whom the primaiy disease is at a sufficient distance 
from the upper sternum, a one-stage split of the .sternum with application of 
internal supportive splints to maintain the spreading of the sternum is recom¬ 
mended. 

In the majority of the patients wo have found it necessary to utilize a 
second 1)7)0 of decompression, namely, removal of a portion of the clavicle and 
first two ribs with particular attention to transection of the ligaments behind the 
clavicle to allow anterior elevation of the sternum. It has usually been found 
necessary to carry out this procedure bilaterally, nnd it should not be done 
under general anesthesia. The patient may note immediate clinical benefit 
relative to respiratory capacity foUowuig this decompression measure, but it is 
our experience to note that it usually requires from two to four weeks for ade¬ 
quate re-aeration of the lung to occur and edema of the airway to disappear. 

■ One is impressed with the value of angiocardiographic visualization in pa¬ 
tients having unexplained mediastinal masses or known aneurysmal disease 
when surgery is considered. It scorns that approximately 70 per cent of aneu- 
rj’sms of the major thoracic vessels do not show evidence of pulsation on fluor- 
oscopy, and this is felt to l)e due to oitlior marked thickening of the perivascular 
structures, intra-anenrysmal formation of clot, or a combination of the two. 
It is felt important to stress the frequency rvith which, aneurysmal disease may 
bo multiple when one is confronted with a patient having aneurysms secondary 
to syphilis. 


The technique of the sterilization and application of Pol)dhene ceUophane 
has heen described. Particular stress has been placed upon the need of fixing 
this material to the aneuiy-sm, or to surrounding structures, to prevent its dis¬ 
placement following operation. Further investigation is required relative to 
ho optimum of time for soaking this material in alcohol, but the early impies- 
non is gathered that immersion in alcohol longer than forty-eight hours may 
decrease the efficiency of the-irritativc mechanisms. 
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The later stages of this studj" have shoim it ad^^sable to use a comliiuation 
of therapeutic approaches to aneurysmal disease Avherein complete surrounding 
of the lesion is not possible. We have utilized a combination of application of 
cellophane externally, and interna] wiring. In three of four instances this has 
been felt to provide a definite improvement on the pre\dous method of a solitarj' 
therapeutic approach to these advanced lesions. 

To date I have applied cellophane to thoracic aneurysms in thirty-two in¬ 
stances, using the addition of intenial wiring in four of these patients; The 
majority of the lesions have been syphilitic in origin. Two patients having 
aneurysmal disease presumed to be congenital in origin have been treated. In 
one of these tlie lesion was a diffuse aneurysmal dilatation of the pulmonary 
arteiy, probabh' secondary to a massive interatrial septal defect. In the second 
patient a most unusual congenital anomaly of the descending poilion of the 
thoracic aorta was presented. This lesion could not be completely surrounded 
and definite benefits from this type of surgical interwention were not obtained. 
Should .such a lesion be again encountered one would have to consider .strongly 
the resection of tins area of the aorta and some method of reconstitution of the 
vascular channel. One aneurysm of the main pulmonarr- arterj" was treated, 
which was found to be iir association rrith diffuse sclerosis of the pulmonarj' and 
systemic arteries in a young female. It is doubtful w'hether this procedure would 
have benefited the patient had a succc.ssful postoperative cour-se occurred. It 
is felt that this patient presents evidence that irritative cellophane should not 
be allowed to come in contact with irritable areas of the heart wall. It is felt 
that when the substance is placed ■within the pericardium an inner layer of 
nonirritative cellophane should be utilized. 

This procedure has been applied on two occasions in our* series in the pi’cs- 
ence of active, massive hemoptj’sis. In one of these irrstances it was used as an 
aid irr the closure of a fistula betrveen the aneurysm and the lung. 

In conclusion, it is felt from these studies that a sufficient amormt of benefit 
Iras been derived irr these far-advanced patients to consider continued use of 
this method of therapeutic approach. The combination of the indirect methods 
of correction of aneurysmal disease probably presents certain advantages, not 
irrherent in any one method of indirect approach alone. 

AUDENDUJI 

Further experience has shown the Polythene cellophane should be prepared bj 
sterilization for twenty minutes. Alcohol may discolor the initiating substance dice > 
phosphate. 
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DISCUSSION 1 tt n his 

DE. J. KAPL POPPE, Portland, Ore.—I want to congratulate Dr. Abbott 

relativelj' large series of cases for this early stage in the surgical control of intrn i 
aneurj'sms. 
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Baring tlio pnnt two yearn I linve ntn ncronn approxhiintply u (lo7.cn anenryimin, of 
wliioh only nix wore artutilly oivcrnlili*. Tin* nmjorliy of tbeno iiiopcmblo cnRcx wore in 
cnrdinc (leconiponwiHon nn ti renulf of (lilatntlon of tlio aortic ring nml nnrtie Innufflcloncy. 
A corlaln number of llio puticnln wen* too jkKhiicoiI in nj;n to consider for any major 
surgery. I think that applied to all of the arterionelerotie dinneeting nneurynnin I naw. 
Tlio patientH wore all over 70 yearn of age, with an nliHonco of iinlnation in tho lower 
extromitiw. 

Tlie procmluro seenia a little too early in its Infuney to penult undue rinks in accept¬ 
ing this tT-TH) of patient. Other contiaindicntionn were complete compression and stenosis 
of tho main bronchi, which seemed to eontrnlndlcato any major surgical procedure. 

I am very happy to have been able to contact tlio first pntient in whom wo xumkI 
Polythene cellophane. The noclnl service hero in 8t. Bouts located this patient yesterday— 
twenty-three months postoporatively. 

(Slide.) This tyiKS of fusiform aneurysm of the descending aorta still seems to bo 
tho moat satiafactorj’ one of the group for cellophane wrapping. This was the first patient 
whoso Aneurysm was wrapped with Polytlioiic cellophane. He is now twenty-three months 
poetoporatlve and working over}' day. lit* was on relief for nt least two yeors, BnfTering 
veiy severe pain in the back and a throbbing pain In the anterior jinrt of the chest, which 
I understand has been rellovod, 

(Slide.) There is another type of aneurj-sm which 1ms proved very satisfactorj'—a 
fusiform anciir}*8m of tho descending aorta, plus the distal part of tho arch. 

The picture on tho right was taken two months postopomtively, and that seems 
fairly chamcteristic of these iKistoperativo films in that there has been no apparent de¬ 
crease in the size of the shadow, that the compression apparently occurs internally, and 
the shadow on i-my examination may even increase in size. 

(Slide.) This represents another fairly satisfactory aneurysm in which we have been 
unable to evaluate coraplotoly tho results, due to the presence of gencralited arthritis In 
this patient. Some days ha feels ho la cured and then apiin, on rainy days, he complains 
of generalized aches all over tho body. 

(Slide.) I am showing this nlide partly for Dr. ReiiuuJt do Oliveira who has returned 
to DraziL This was one of the original dog aortas wrapped with Polythene cellophane. 
A normal section of tlio same dog aorta is on tho riglit side. 

(Slide.) Dr. do Ollvoim carried out further cxpcrimontal work in an attempt to 
cover tho active polylhono celiopliano with n nonreaclivo l}'pe of material to slip under¬ 
neath tho sui>orior vena cava, for instance, on niiourj-sms of the ascending aorta. 

The picture on the loft shows the Polythene celloplmnp which has been covered with 
300 PUT nonroactive colloplmne, which apparently reduces the reaetJon of the Polythene 
cellophane to sneh an extent that it seems undesirable to use, except over ^*er}' limited 
areas around vital structures. It reduces the external compression so that it detracts from 
the original purpow of the Pol}'thone. 


DR. ABBOTT.—I have very little to add except for the fact that wo have had 
patients in whom there was such a degree of bronchial compression that the physical find¬ 
ings appeared to bo those of pulmonary edema and they had l>een diagnosed as “patients 
*dth cardiac failure." Following decompression, these changes were notod to disappear 
and tho patient became eligible for intratliomcic surgery. 

I believe that the observation justifies further stress relative to the early increase 
iu the sire of the x-ray shadow following operation. Wo foci that this is duo to two 
factors, namely, (1) the release of tho constricting overlying pleura, and, (2) the initial 
formation of fluid about the cellophane ns the fibroblastic reaction is set up. 

The observations in this work liavo lent emphasis to tho original findings of Poppo, 
hat coniiderahlc, and even dramatic, roTiof from pain may be obtained when an aneurysm 
only partially wrapped. Tliere is no question but that one must not dissect aneurysms 
points at which they press ujwn Imno, for in such areas the wall may be so 
u 08 to cause’siKmtancous rupture. 



ADENOi\IA OP THE BRONCHUS: ENDOSCOPIC TREATilENT IN 

SELECTED CASES 


Max L. Som, M.D. 
New York, N. Y. 


I N 1935 Rudolph Kramer and the autlioN re\dewed a group of cases of adenoma 
of the bronchus and referred to the comprehensive publication on these tu¬ 
mors by Wessler and Rabin.® We stressed the criteria for the pathologic diag¬ 
nosis of bronchial adenoma and its differentiation from carcinoma as demon¬ 
strated by Rabin and Moolten.^ A distinction was drawn between the endo¬ 
bronchial, pedunculated, poljijoid tumors and the intramural or extrabronchial 
type of growth. For the latter, lobectomy was recommended. 

Twenty-three eases of adenoma of the bronchus were reported, including 
four instances that were discovered at autopsy. In nineteen cases the diagnosis 
had been made by examination of a bronchoseopic biopsy. Two of these patients 
died of hemorrhage and infection and thi’ee were not suitable for endoscopic 
therapj’’ because of extrabroncliial extension. The results of the remainmg 
fourteen, adequately brouehoscopieally treated patients were submitted. ^ Nme 
were then considered either cured or sjTnptom-free and five had persistent, 
minimal sjonptoms in spite of bronchoseopic therapy, including diathermy an 
radium. 


Results of further observation of these endoscopicallj' treated patients for 
the following thirteen years reveal the fact that seven remain cured or com 
pletety symptom-free. Of the remaining seven, two died of bronchial hlee mg 
and five were advised to have lobectomy. Surgery was recommended in e 
latter because of exacerbation of lung suppui’ation with hemorrhage or the nn 
possibility of eradication of the neoplasm by bronchoseopic means. Thus, seven 
of the original nineteen bronchoscopieally treated cases remain cured or symp 
tom-free (Table I). , . 

In the recent literature there has been much critical discussion as to the u ^ 
mate value of endoscopic therapy and a definite trend toward surgical ext^a lo 
of these neoplasms has resulted. C. L. Jackson, P. W. Konzelman, an • 
Norris^ contend that if success is attained in accomplishing drainage an re 
aeration of the lung, distal to the obstruction, there is no urgent need or su^^ 
gety. They report twenty cases of adenoma, in seventeen of which 
improvement was obtained by bronchoseopic therapy, only three 
quiring lobectomy. They believe that bronchial adenomas do not me a 
and show no inherent tendency to become malignant. In their 
dence of extrabronchial growths is overemphasized. Of six cases ® ^ 
cited by R. Adams,® bronchoseopic removal sufficed in two patients an 
other four requii’ed pneumonectomy. 

From the OtolarjTigologlcal Service of Dr. Rudolph Kramer, Mount Sinai Ho P 


York. 


Received for publication Feb. 26, 1948. 
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Table I 


Analytic of HfsuUt in Firtt PuhUcntion, 19S5 

23 of odenomu originnUy reported 

-4 port-ruortcm flni1inf*i!—nover hronclioscopo 


10 

diagnosed by bronchoscopy 


_n 

died of liomorrlinpe nnd Infection 


-3 

not ffuitnblo or refuwKl cndobronclilnl thompy 


U 

ndeqantclr treated cases—by endoscopy 


9 

cnrcil or rmiplom-frco 


5 

persistent Diinltnal symptoms 


ItfKvJln After IS Tenn' Jddtfiottnt Ohtervation, 1948, on the Above 14 Cnnen 


7 

cured or B>Tnntom-freo 


2 

dlcfl of ItroncJiial blccfling 


5 

rcfcrrcil for aur/jery 



John H. JIcDonnld' reported tliirty-eiglit CRses o£ adenoma, twenty-three 
of which adonomas wore diagnosed bronchoseopicnlly. In the remaining fifteen, 
the mieroseopic diagnoais was established from surgically removed lungs and 
post-mortem material. In this group of fifteen groas specimens, they found 
tnmor invasion of the bronchial wall in thirteen. Only two showed no infiltra¬ 
tion of the neoplasm intramurally or peripheral to the bronchial cartilage. In 
the latter two speeimona the main mass of tumor was within the lumen of the 
bronohns. 

One must not l)e too impressed by the high incidences of bronchial wall 
infiltration in this group of fifteen patients because, ostensibly, they represent 
conditions not suitable for endoscopic tberupy and hence treated surgically. 
lIcDonald” refers to an Isolated endobronchial tumor which was 1.8 cm. in 
diameter, mth a pedicle of but 3 mm. on cross section. In one case infiltration 
of the IjTnph node dno to direct invasion was found. 

W. S. Tinney' discussed the conscrvrttiv^.and radical approach in the entire 
group of cases reported from the Mayo Clinic nud recommended surgery if the 
growth is inaccessible or recurs after removal. Of seventeen cases reviewed by 
R. Adams* of Boston, five patients were treated endoscopically, eleven had re¬ 
section, and one tumor was an incidental finding. 

The more radical approach to freatmont of these tiunors is suggested by E. 
A. Graham and N. A. Womack,” who heUevc many adonomas are not recognized 
until they become enreinomns. Tlioy advise surgical removal since they have 
found repeated evidences of local invasion, involvement of regional nodes, and 
distot metastases. Support for this view is given by W. E. Adams, P. E. 
Steiner, and R. Q. Block,”” who reviewed five surgically treated cases of adenoma 
and found regional Ijunph node invasion in two instances and metastases to the 
bver and vertebral column in the oOiers. S. W. HoUey”* presented thirty-eight 
cases of bronchial adenomas including several cylindromas. He advised lobec¬ 
tomy or pneumonectomy as the preferred treatment beeanse many of the tn- 
Jnors are too largo or have infiltrated so that they cannot be entirely removed 
through the bronchoseope. 

Because of the wide divergence of prevailing opinion as to the best approach 
to the treatment of these neoplasms, a tabulation of the result in onr cases was 
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Table K. Akaltsis of CtmE® op Symptom-febe Patiekts 


AQE. (VB.) 

DURATION OF lELNEBS BEFORE BRONCHOSCOPIC BIAGNOSIS* 

--- : 

29 

6 mo. 


.SO 

5 yr. 


65 

7 jv. 


42 

1% yr. 


32 

3% jv. 


31 

2 JT. 


13 

10 mo. 


57 

3 yr. 


35 

4 mo. 


21 

2 yr. 


32 

1% yr. 


42 

6 yr. 


32 

8 yr. 


35 

2V’ yr. 


27 

2 yr. 


Average 34.6 

3.3 yr. 



*In 22 male and 28 female patients. 


Bronehoscopie esamiuation most often reveals an occlusion, of a large 
bronchus by a pedunculated, easily bleeding, pinkish or purplish groivtli 
covered ivith mucou.s membrane (Fig. 5). Thirty-four of the fifty patients 
presented this picture. 

This appearance was noted in each of our fifteen successfully treated 
patients. Tn the thirty-five endoscopic failures, sixteen showed a stenosis of 
the bronchus with involvement of bronchial wall on initial examination. 

Endoscopic therapy was instituted for all tumors that were interpreted 
as being of the endobronchial type. Treatment consisted in attempt at removal 
of the tumor through the bronchoscope and re-establishment of the patency 
of the lumen. The growths were grasped with bronehoscopie forceps down to 
and including the attachment. It was not often feasible to accomplish total 
removal at once, and repeated bronchoscopies were necessaiy. 

In effecting the total removal of the tumor and with a view to prevention 
of recurrence, diathermy applied to the base has been a valuable adjuvant. 
Coagulation of the tumor base, especially in instances of local recurrence, 
has proved a very effective method of eradication of tumor. The most reliable 
proof that the neoplasm has been completely eradicated is the absence of 
tumor cells in biopsy specimens from the bronchial wall at the point of attact 
ment of the neoplasm. In our early eases, bronehoscopie implantation o 
radium into the stump of the adenoma and exteraal radiothei-apy were em¬ 
ployed. 

All patients believed suitable for endoscopic therapy were treated in tlie 
above manner until such time as either the growth was eradicated or evidences 
of extrabrouehial involvement were manifest. The endoscopic failures vere 
referred for surgery. 

The diflSculties encountered in endoscopic removal are ordinal ily 
great. Troublesome bleeding, especially at early bronehoscopie treatmen^i 
may be sufiScient to warrant postponement of further removal for several a.vs- 
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In one instance of nn iutniinurnl growth, death followed a profuse hemorrhage 
during bronchoscopie coagulation. 

BESUl.TS 

FiflecJi, or 30 per cent, of the scries of fifty patiouts with adenoma of the 
bronchus responded well to endoscopic therapy. Seven of these patients arc 



Uocntficn film or\ expiration sliowlna obstnioUve emphyMnui on tho left with phlft of 
tradien and modlattlnum to right. On InaplraUon the film was norma). 



ns. 5.—Bronc)Hj»coplo appearanoe of adenoma. A, Pedunculated adenoma of right main bron- 
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considered completely cured and eight are symptom free. Cures are designated 
as patients who (1) have an absence of any symptoms referable to the bronchi 
and lungs, (2) have no abnormal chest findings clinically, (3) have a normal 
x-ray film of the diest, (4) have a ividely patent bronchial lumen on bronchos¬ 
copy, and (5) show repeatedly negative bronehoscopic biopsies from the site 
of the tumor. 

Fie. G. 



endoscopi’c failures + 



Ffe. 7. 


tr. origin of tumor In fifteen successful 

In the right middle lobe, all were in the main branch or trachea. 

origin of tumor in tlilrty-flve failures, 
most frequent sites of origin. 


cases. Except for the one 
The branch bronchi are tlie 


The symptom-free patients have no clinical manifestation of disease. The 
reason they are not considered completely cured is that they have roentgen 
evidence of bronchial dilatation. This residual segmental broncliieetasis is not 
detectable on routine chest film, but can be demonstrated b}^ bronchography. 
It is of no clinical significance except that there may be a slight cough after 
an acute upper respiratory infection. In all other respects, these patients are 
as free of their disease as are those classified as cured. 
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An Analysis of tlio fifteen siioecssfiilly treated patients could conceivably 
aid in the selection of those patients who might be suitable for endoscopic ther¬ 
apy without benefit of surgery. Certain factors would seem to influence favor¬ 
ably the response to conseiTative treatinont; iiainel}', (1) location of the origin 
of the tumor, (2) duration of illness before institution of endoacopie treatment, 
and (3) bronchoscopie appearance. These factors will be considered separately. 

(1) lAication of the Oripin of the Tumor. —The location of the tumor in 
onr fifteen snccessrully treated patients was exclusively in the main bronchus 
and trachea e.xcept for the one which originated in the right middle lobe (Fig. 
G). Among our thirty-five failures onl.v five patients had tumors situated in 
the main bronchi, the remainder being, in order of frequency, in tlie lower 
lobes, in the upper lobes, and in the middle lobe bronchi (Pig. 7). This would 
indicate that the aeeessability of the tumor to bronchoscopie manipulation could 
1 h! an important factor in detennining success or failui’e. The anatomic sur¬ 
roundings of the neoplasm and tho available free lumen for groudh coidd also 
be a eonsiderntion favoring endobronchial eonfinement in the larger main 
bronchi. Many of tho neoplasms originating in the branch bronchi often 
allowed early evidence of intramural, and cxtrabronehinl spread (Table III). 
A logical inference could bo that the branch bronchus neoplasms arc not only 
less accessible for endoscopic treatment, but also show earlier evidence of intra¬ 
mural involvement. 


Tabi.e III. Locatio.s or Oaiois or Tunons 


LOCATIOK 

NUilDEH 

In Endoscopic Failures: 


Right Mnin Bronchus 

4 

Right upp«r lobo 

4 

Right Duudlo lobo 

U 

Right loTTOr lobo 

9 

Left main bronchus 

I 

Left upper lobo 

3 

Loft lo^r lobe 

8 

In Endoscopic Successes: 


Trachea 

1 

Bight main bronclion 

0 

Left main broneliua 

7 

Right middle lobo 

1 

(2) Duration of Illness Before Bronchoscopie Diagnosis. — The duration of 

ulness before attempt ut endoscopic removal 

in our suecessful series of fifteen 

patients was 3.3 years (Table II). If we now compare this with the duration 

of illness in the five main bronchus ndeiiomna uot responsive to endoscopic 

Table rv. Duration or Illness in Main broncuub ABENOiiAS Nor Responbwe to 

ENPOScono Tuerapy 

LOCATION 

NtrUBCROr TEARS 

Loft main broncliua 

37 

Right main bronchus 

25 

Right lunlu bronclma 

30 

Right main bronchus 

7 

Right innln, bronchus 

7 

__ Average 

21.2 
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therapy, we find a vast difference (Table W). The average duration in these five 
patients was 21.2 years. Tliis prolonged ])eriod not only allows enough time 
for extrabronehial extension, hut also favors the formation or irreparable sup¬ 
purative disease of the lung distal to Ihe tumor. Both of these conditions re¬ 
quire surgeiy for cure. 

(3) Bronchoscopic Appearance .—In all of our successful cases, a smooth 
globular tumor witli a limited attachment was seen brouchoseopically. Stenosis 
of the bronchus or evidences of extrabronehial compression were seen in sixteen 
instances, all of which proved not amenable to endoscopic therapy. On the 
other hand, the finding of a globular smooth mass does not nece&sarily mean tlie 
tumor will pennit bronchoscopic removal. The appearance of the bronchus 
after repeated endoscopic treatment may, however, give a clue to the possibUity 
of cure and the advisability of continued bronchoscopy. In all of our success¬ 
fully treated patients, the average number of bronchoscopies before the normal 
architecture of the bronchus could he visualized was three (Table V). In every 
instance, the normal bronchial markings, including septa and lumina of the 
branch bronchi, were apparent at the fifth bronchoscopy. Considering that 
ti’eatment can be given at five-day intervals, it does not appear too protracted 
a trial period before abandoning attempts at conseiwative cure. The number 
of treatments requii-ed before the tumor was completely removed and the biopsj' 
reported consistent!negative was fotuid to be between tlu’ee and eight (Table 
V). The inability to eradicate the tumor completely and visualize the normal 
architecture of the bronchus after a fair trial period is an indication for sur¬ 
gical intervention. 


Table V 


NUMBEE 

NORMAL 

OF BRONCHOSCOPIES BEFORE 
ARCHITECTURE OF BRONCHUS 

WAS VISUALIZED 

NUMBER OF TREATMENTS BEFORE 
BRONCHOSCOPIC BIOPSV SHOWED 

NO TUMOR _ 


5 

7 


2 

4 


4 

5 


3 

4 


2 

4 


2 

5 


2 

4 


o 

O 

8 


2 

4 


- 2 

4 


o 

8 


• 2 

4 


3 

4 


3 

3 


5 

6 _ 


While no hard and fast miles can be made as to a time limit foi 
of endoscopic treatment, certain findings militate against further tiea en 
The persistance of a dense shadow in the lung after the endobronchia po 
of the tumor has been eradicated is significant. Such densities may we 
sent either outlines of the tumor mass itself, or adjacent lymph no es oca 
invaded, by the tumor. 
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Recurrent licmopt.VBcs nnd continued exacerbations of the lung suppura¬ 
tion point to tbe need for surgery. It is important to appreciate that the bron¬ 
chiectasis distal to the tumor may occasionallj' be reversible if the ol>struetion 
is promptly relieved. Such bronchictasia seems to run a much more benign 
course than that of ordinars* broncliicctnsis following suppurative broncho¬ 
pneumonia. Tlie need for sui'gical treatment of lung suppuration itself after 
eradication of the tumor cndobronchinlly is not frequent. 

Local endobronchial recurrence of tlie tumor without evidence of peribron- 
cliial spread is not necessarily an indication for surgery. Such local recurrence 
should be interpreted more ns evidence of incomplete eradication of the slowly 
growing tumor rather than as manifestation of malignanej' nnd an indication 
for aurgerj’. In two of our successful cases, earl}* recurrence of the tumor was 
detected bronchoscopically and treated by coagulation. The patients have 
been symptom-free for a period of ton and five real’s respectively (Table VI). 

Table YL Duration of Svxprou-FitF.r. Follow-up Pkwod, Bnoxcuoscorr and 
niOPHY CON*ai«TENTLY NUOATIVE 

RRCURRE?^ ' Nl^MBER OF YK.\n8 

O 

l-l 

7 

LcTtl, in m7 ..30 

nftcr 2 coftgulntlonR rcmainwl 


n(>tniti\‘C 6 

14 

I'/j 

10 

7 

IxKTil, in IU42,- 5 

nftcr coupulationii ronmined 1 

negntive 4 


10 


It is imperative that all patients with adenoma be bronchoscoped occasionally so 
that biopsies can be taken of any suspicious areas, and tbe absence of tumor 
cpIIs proved microscopically. 

The patients have been followed from one to fourteen years. Many feel 
well that they refuse to return for cndoscoi>y. Only those who consistently 
rctiuii for obscn'ntion arc here included. 

SUMMARY 

Fifty cases of endoscopically proved odeuoma of the bronchus arc reviewed. 
Fifteen, or 30 per cent, of tliese remain completely cured or aiTuptom-free fol¬ 
lowing bronehoscopic removal, usnally Avith coagulation of base. 

Pedunculated smooth globular tumors originating in the main bronchi seem 
laost suitable for endoscopic removal pro\Hded the diagnosis is established 
early. Tumors situated in the branch bi-onchi are distinctly not favorable, botli 
Decause they are less accessible and slio-w a tendency to spread intramurally. - 

Tn tins series, the normal architecture of the bronchus was discernible 
after tlie fifth bronchoscopy. The persi.stencc of the tumor as suggestwl by 






472 


THE JOURNAL OF THORACIC SURGERY 


bronchial wall involvement and proved by a consistently positive biopsy sug¬ 
gests extrabroncbial spread and requires sui'gical removal., Witb the develop¬ 
ment of a relativeh^ safe technique for the removal of a lung lobe, extraliron- 
chial adenomas are now being treated in this manner with increasing frequency. 

Unlilce carcinoma of the bronchus, untreated patients with adenoma have 
a life expectancy of ten to twenty years. In an individual of advancing years, 
therefore, the need for lobectomy or pneumonectomy is not nearly as urgent'.as 
in instances of truty malignant neoplasms. 
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contralatehal spontaneous pneuiiothorax 

POLLOWINO LOBECTOSIY 


nicoRaR E. GL^:ASo^•, JI.l)., Ahi-ixwall, Pa., and Edwabd 
J[. Kent, JI.l)., 1 ’itthbuhoii, Pa. 

S erious complicntion.s following pulmonary resection nro becoming more 
and more infrequent with u resulting dccieaso in Imth morbidity and mor¬ 
tality wliicb, in eompetent bands, predicts a safety of operation wbiob ^viLl com¬ 
pare verj- favorably with any surgical procedure of parallel magnitude. Sup¬ 
puration, bronchial fistula, and bomorrhage have been so reduced in importance 
ns a complication after lol)ectomy or jmcumoncctomy that one actually .en¬ 
counters such setbacks but very raiely. However, unasunl complications, do 
occur from time to time and tbo recording of such an event is the purpose of 
this case report. 

In brief, this an instance of )>crsistent right .s))ontnncoU3 pneumothorax 
which occurred on the tbiid day after the left lower lobe had been resected for 
bronchiectasis. The collapse of the right lung’ was complete, leaving virtually 
a single functioning ludmonaiy lobe, the remaining upper lobe on the left. 
Furthermore, the pneumothorax fniltsl to respond to conservative measures and 
became so marked nineteen da.vs after onset that right thoracotomy was neoes- 
sarj- and the leaking omphysematoms bleb was axcised. Thereafter, recovery 
was rapid and complete. ' 

C.\BE REPORT 


D. L., a white man, aged 2^ ycjir*, wns ndmlttcil to the hospital on Jane 14, 1D47, with 
complaints wlilch Include 1 productive cough, nnoiexlo, itud loss of weight. The Idstory in- 
•licated tliat the pulraonnry complaints had followed a bilateral pneumonitis in 1942 for which 
he spent flfty-flvo days in an Army llcwpilnl. In ilny, 1940, weight loss begun and in October, 
1040, the sputum became more abundant and fetid in odor. Upon admiasion the loss of weight 
had totaled fifty pounds In thirteen montlis. One month before entering the hospital he 
hegan to experience slight hemoptyscs, clillUness, night sweats, and intermittent episodes of 
hyperpyrexia* 

Clinical studies rcvooled that there were nbnominl physical signs over the left lower 
chest most significant of whicli svns the constant finding of rllles upon auscultation. Further 
obserrationa included a dally sputum production of 180 c.c* of thick, purulent secretion* Re¬ 
peated examinations of this material were negative for acid-fast haeilU and cultures yielded a 
niii^ flora* The intrudermal tests with both strengths purified protein deri\’Btive were 
*^*Ratlvo. A complete blood count indlcatefl a mo<lonite secondary' anemia with a red cell 
count of H,700,000 and a hemoglobin of 12 Gm., or 72 i»er rent. 

Bronchography revealed bronchiectasis limited to the left lower lobe (Fig. 1). Bron¬ 
choscopy showefl that a groat deal of purulent secretion arose from the left lower lobe bron- 
riius, 

.Propamtory therapy consisted of real, sedation, high calorie intake, iron therapy, 
^Ppplem ontar)- vitamin administration, postural dralnngo, and penicillin aerosol inliolations. 


the Thoracic SDrBer>' Center, U. 8. Veterans Adnjtnletratlon Hospital. Asplnwall, Pa. 
and SuMri-?.^ V permission of the Chief Me<llcal Director, Department of ired’lclne 

or veterans Administration, who assumes no responsibility for the opinions expressed 

‘^jusions umwn by the authors* 
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Fig. 2. 


Fig. 1.—Bronchograni which reveals bronchlcclnsis of tlie left lower lobe. 

Fig. 2.—Portable fllm of tlie chest taken Ang. 25, 1917, two days after resection of the 
loft lower lobe. 


r 







Fig. 3.—Portable fllm of tlie chest taken Aug. 29, 1947, on the tliird of 

of the left lower lobe. There Is a right spontaneous pneumotliorax with compiei 


the lung. 
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CUnlcnl improvement followed tills regimen and lie was conaldcrod to bare acliieved maximum 
effect by Ang. 20, 1047. Consequently, loft lower lobe resection Avna performed on Aug. 26, 
1047, omplojing individual ligation technique for tlio vcssela with careful cloauro and burial 
of the bronchial stump. The immediate i>oHtopemtive courw wns uneventful and forty-eight 
hours after operation a chest x-ray film vras taken ns n routine matter (Fig. 2) whereby com- 
ploto expansion of the remaining loft upper lol)C ^rn8 estnblislieil. During the following 
twelve hours the patient coughotl n great deal and finally began to complain of moderate 
dyspnea. His color wns good and the pulse rate wns 104, however tlio respiratoiy rate was 
S5 per minoto in an oxygen tent and n second bedside chci»t roentgenogram wna taken (Fig. 3, 
Aug. 20, 1047), which revealetl pneumothorax on tho rigid side with complete collajiSD of the 
right long. 

Following this revelation 1,500 c.c. of air were aspirated from tho right pleural space 
and eight hours later nn additional 1,700 c.c. of air were removed. Erpanslcm of the lung 
bocanio complcto within seventy-two houru. The patient wns thou pormittctl to follow n normal 
postoperative routine and was allowed out of beil on Sept. 4, 1047. 

On BepU 11, 1947, tho right sjmntanoouH pneumothorax recurred with cotuplote collapse 
of the right lung as on tlie first ocrnslon. Aspiration of 8,700 c.c. of nir over a fifty-two hour 
period wns followed by complete expansion of the lung. However, on Sept, 10, 1047, the 
spontaneous pncumotiiorai recurred onco more and rc|>eated aspirations of air totaling 22,600 
e,c. over seven hours fnlleil to ex[>and tho right lung. It was olniouA that nlr nvos leaking 
into tho pleural space as fast as it was Ijoing removed. Consetiuently, a right thoracotomy was 
performal at 6 roi. on Sopt. 10, 1947, twcnty-tlirco days after removal of the left lower lobe. 
The right lung was found to bo completely collaiised. Tliero was a cluster of six emphysemn- 
tooj blebs on the surface of the apex of tlie upper lobe, one of which was clearly shown to be 
leaking air continuously. Tliis group of blebs wns excised, tho surface incision in the npox of 
tho lung was repaired by suture, the lung was expanded, and tlio chest wound was closed. 
A single Intercostal catlietor was employed undor water seal trap but this wos removed after 
seventy-two houra. 

The postoperative couN’alesconce wns rapid nnd uneventful Tlie patient was ambulatory 
On the fifth day after llioracotoray and wns relennod from the hospital on the olgliteonth day 
After operation. There has been no recurrcnco of spontaneous pnoumothonix and he is free 
of the symptoms of bronchiectasis as well 


SUMMARY 

1. A case history is presented wliicli dc8cril>es the occun'ence of a right 
spontaneous pneumothoi*ax on the thiixl day after resection of tho left lower 
lobe. 

2. Despite the complete collapse of the right lung and tho absence of the 
left lotver lobe, the patient manifested only moderate dyspnea tvithout cyanosis. 
The total functioning pulmonary area was confined to tho single left upper lobe. 

8. Tension pneumothorax with mediastinal shift to the opposite side did 
not occur. Had it been present, tho respiratory embarrassment would undoubt¬ 
edly have been much more marked. 

4. Surgical intcnxntiou became necessary to control the right spontaneous 
pneumothorax wliich was found to be duo to a Icakiug emphysematous bleb on 
the surface of the apex of the lung. 



PRBIAEY CHONDROSAECOIMA OF THE LUNG 

LA^\^^ENCE M. Lowell, M.D., and John E. Tuhy, M.D. 

Portland, Ore. 

C hondrosarcoma is a relath-elj’^ uncommon tumor, and is exceedingly 
rare in the lung. In the ease to be described the tumor appeared to be con¬ 
fined to the pulmonaiy arteiy and its branches. Compared to other reported 
chondrosarcomas it seemed to be unique in this respect. 

CASE REPORT 

Hisiory .—The patient, a il-year-old white housewife, was fir.st seen by one of us (J. B. 
T.) on Dec. 21, 1945. She had been well until June, 1944, when she noted tlie gradual onset 
of fatiguability, nervousness, anorexia, transient ankle e<leina, weight loss from 115 to 105 
pounds, and dyspnea, tachycardia, and palpitation on moderate exertion. There was . also a 
feeling of fullness and soreness in the left lower eliest anterolnterally, made worse by ei- 
ertion. Neither orthopnea nor nocturnal d 3 -spnca was present. Examination by a physician 
in June, T944, was said to have shomi cardiac enlargement and a murmur. Best was advised. 
She regained six pounds during August, 1944, but the complaints i)ersisted. In September, 
1945, she developed a nonproductive cough and sj’niptoms of mild sinusitis. Early in 
November, 1945, she had a sudden attack of dj-spnea on turning around quickly and was 
unconscious for five minutes. A week later there was a three-daj' episode of persistent non- 
pleuritic pain in the left lower chest posteriorlj-. At that lime she began to lose weight 
again. The nonproductive cough persisted, and dj’spnea and palpitation were present on 
slight exertion. 

The patient had pneumonia in 1912 and 1913; an appendectomy and removal of a 
“tiunor” of the left ovarj' in 1929; a spontaneous abortion in 1935 and a normal delivery 
in 1937; and pleurisy on the left side for one week in 1940. The last menstrual period 
was in September, 1945. Her father had had heart disease and her mother hypertension. 

physical Examination .—On Dec. 21, 1945, inspection revealed the patient to be pale, 
thin, and slightlj- dyspneic at rest. Pulse rate was 92, respiratorv- rate 30, blood pressure 
136/64, temperature 98.6° E., and weight 103 pounds. The abnormal physical findings were 
limited to the cardiorespiratorj’ sj-stem and consisted of: impaired resonance to imrcussion, 
weak breath sounds, and resonating rales after cough over the lower half of the left chest 
posteriorly; slight deviation of the heart and trachea to the left; verj- frequent extrasj'stoles; 
a loud pulmonic second sound; and a systolic murmur heard over each of the valve areas, 
that at the aortic area being transmitted into the neck. The neck veins were not distended, 
and no peripheral edema or liver enlargement was evident. 

A roentgenogram of tire chest made in June, 1944, sliowed some retraction of the heart 
to the left with prominence of the area of the pulmonarv’ conus. There was a small density 
in the left lung adjacent to the mediastinum at the level of the left sixth posterior interspace. 
In December, 1945 (Fig. 1, A) this density was larger and there was a prominent maM 
posterior to the heart in the plane of the si.xth to the ninth ribs posteriorlj-. The left leaf 
of the diaphragm was a little higher than the right, but the aeration of tlic left lung was 
good. The right lung appeared normal. 

An electrocardiogram had been made on Dec. 11, 1945, bj- the referring pbj-sician. He 
reported that it showed right axis deviation, a diphasic T wave in the second lend, and an 
isoelectric T wave in the precordial lead. Routine e.xaminntion of the blood and urine was 
normal, and the blood Kahn reaction was negative. ^ 

From the Departments of Thoracic Surgery and Pathologj-, University of Oregon Medical 
School Hospitals and Clinics. 
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At broncliowoiiy on Dec. 22, 1045, the left main sten; brondiuB nnd Itt (leviBlons wore 
§cen to bo diflplaccd posteriorly tm if by ii muss Ijdng anteriorly. Xo other abnormality •rms 
found. 

It vrofl concluded that tbo patient Imd n tumor of the left lung of undetennlnoil typo 
nnd a heart lesion of congenital or rlionnmtic origin. Dccnusc of tho respiratory insufficiency, 
thoracoscopy following tho institution of a loft pnonmothomx mthcr than an immediate 
exploratory thoracotomy wns advisetl. 

Cbnvcdl CoHrxe.—For vnriotis ronjmnfl tho patient did not return for hospltnlixation until 
Feb. 17, 3940. Examination iit this time roronlcNl n rongli prcsj'stolie and systolic mitral 
mnnnur transmitted to tho loft axilla. Mj*sloHc inurmurs wort* also heard over the other 
valvo areas. Tho llvor margin was jmlpablo 4 cm. 1»olow the right costal margin, nnd moil* 
erate persistent ankle odoma was present. Fluoitwopy sho\vc*<l tho densities near the left 
hllus to bo somewhat larger. Tlio right Idlnr slimlow wns enlarged nnd pulsnteil noticeably. 



A. B. 

Pl& 1.— A, I>ec. 11, 1643. dcnsttlofi nenr the loft hllu*. Shift of the heart to left with 
prominence In area of Die pulmonarj- conu*. 

iJ, Peb. 21, 1946. bilateral hilar Uonaltlce and Infiltration In the richt second anterior 
intcTfcpace; artlfldat pnouniothomx. left 


In twenty-four hours sho produceil 16 c.o. of mucopurulent sputum which was negntlvo 
for tuberdo bacilli on concentmtion. The voided urine contained 130 mg. per cent albumin, 
occasional h\*nUno nnd many granular casts, a few erythrocytes, and many leucocytes i>er 
hlgh-poTtor field. A routine blootl count nnd seilimentntion rate were within normal limits. 

Digitnlliatlon was l)cgun on February 18 Iiecauso of apimrcnt right heart fnlluro. Left 
pneumothorax was instituted on tho same day. Eight hours later she became quite dyspneic 
and cyanotic, and air was withdrawn once. Fluoroscopy next day revealeil a 20 per cent 
Collapse of tho left lung with apical adhesions. Small pneumothorax refills were given on 
February 19 nnd 20. Oxygen tliempy ^vns given intermittently because of dj'spnca. A 
focntgenogrum of tho diost taken on Fobninrj’ 21 sliowed considerable inercaso in tbo right 
hilar sliadow with a fuxiy area of infiltration 2 em. In diameter in the right upper lung field. 
The densities near the left hllui were larger than in the previous films. A 20 por cent eolUpsc 
of the lower two-thirds of the left lung was present (Fig. 1, B). 

It was decided to forego thoracoscopy and to abandon the puexuuothomx liocause of tho 
I«tient’8 poor condition and because it was fearoil that the tumor might already Imvo metosta- 
sited to the right lung. After 350 c.c. of nir hod been aspirated from the loft pleural cavity 
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on Tebruary 25 she become more cyanotic and dyspneic. Six hours later signs of . marked 
peripheral vascular collapse were present. Oxygen therapy and plasma given intravenously 
were of temporary benefit only, and she died the same day. 

Pertinent Gross Autopsy Findings (Fig. 2).—The heart, which weighed 420 grams, 
showed moderate dilatation of the right atrium and ventricle with hypertrophy of the latter. 
ISTo gross valvular changes were present. A tumor in the pulmonary artery extended to 
witliin 1 cm. of the pulmonary valve, where together with a small thrombus it completely 
occluded the vessel. The wall of the pulmonary' artery contained a few small arteriosclerotic 
plaques, and there was moder.ate thickening of its intima. 

Posteriorly at the level of the left fifth rib the parietal and visceral pleural surfaces 
were fused. A few easily separated adhesions were present over other areas of both lungs. 
Approximately 200 c.c. of clear pink fluid and an estimated 200 c.c. of air were present 
in the left pleural cavity. The left lung weighed 540 grams and the right lung 750 grams. 
The left lung was small and firm. On the medial surface of the left limg below the hUus 
a white tumor was seen through the pleura. A frontal section through the left lung re¬ 
vealed, near the hilus, a firm wliite tumor mass measuring C by 10 cm. Tliis mass extended 
into and almost filled the left pulmonary' artery, the main pulmonary artery, the primary 
branches of the right pulmonary artery, and the smaller branches to the right apex. Within 
the left lung the growth was lobulated and in most places it was sharply demarcated from 
the compressed reddish-brown lung. The tumor was firm and grated slightly when cut. For 
the most part it was definitely bounded by arterial walls, and dissected portions of the tumor 
resembled casts of small branching blood vessels. No connection was found between the 
intra-arterial tumor and any bronchus, although the left lower lobe bronchus was moderately 
distorted and compressed. Within the main pulmonary' artery the tumor was soft, friable, 
and fungating. No gross changes were noted in the hilar or mediastinal lymph nodes, except 
for two glands in the right hilus which had undergone calcification. The right lung was 
crepitant and appeared normal externally. On section there was tumor involvement m 
the upper portion as described previously'. 

The Hver weighed 1,330 grams and showed changes typical of clironic passive hyperemia. 
E xamin ation of the other organs and of the bones and joints revealed no eridence of primary 
or metastatic malignancy. 

HistopatJiology .—The portion of the tumor Avithin the main pulmonary' artery resembled 
adult cartilage (Fig. 3, A), except that calcification and necrosis were widespread, and there 
was increased cellnlarity with plump and occasionally' double nuclei. Sections from the 
tumor extended to the right apex (Fig. 3, B), however, revealed cartilaginous islands in a 
stroma of undifferentiated mesenchymal cells with pale-staining cytoplasm, and nuclei which 
were round, oval, or occasionally spindle-shaped, Arens of necrosis and myxomatous degen 
eration were widespread. The least differentiated portions (Fig. 3, C) were found witlun 
the main tumor mass in the left lung where there was no resemblance to cartilage. ' 
cells here had much larger nuclei, moderately' liy'perchromatic and often spindle-shaped, but 
only an occasional mitotic figure was present. 

In one section several small spicules of bone not associated nith cartilage were seen m 
the malignant-appearing stroma. Many vascular channels lined xvith either endothelial or 
tumor cells were present. For the most part the tumor was bounded by arterial wall ( ig- 
3, P) ; in other places the boundary was too tliin to identify- it ns such. No clefts hn 
with epithelium, commonly seen in hamartomas of the lung,^ were seen. Wilder’s silver 
revealed a fine reticulum throughout the less differentiated portions of the tumor. A w or 
like arrangement of the cells was demonstrated, and tortuous lymph or blood vascular cian 

nels were sharply outlined. • i v 

Changes in the left lung outside of the tumor consisted of patchy atelectasis, 
passive hyrperemia, and edema. Apart from the neoplasm no significant pathology was oun 

in the right lung. . , ^ 

The liver displayed the moderate central lobule necrosis of passive hyperenii . 
microscopic findings in the remainder of the organs were normal or noncontributory to 
report. 
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»ectIon« througli both lungrt; heurt -with richt ventricle ami pulnwnarj 
art^»w*’®V> oipoae txunor (arrow). N6te that tho tumor follows distribution of pulmonnrj' 
-u* Section through unfixed left lung ehowltur bulging chondrosarcomatou* mnaaea. 





Flc. S.—Photomicrographs of tumor. A, "Within main pulmonary right 

he chondrosarcoma Is well dlfferenUated. B, Within branch of this field, 

npv (X130); both differentiated and undifferentiated chondromatous cells we swn Section 

pFrom main tumor mass In left lung (X276) ; only chondroblasts occur here. JJ, 
hrough pulmonary artery' containing tumor and thrombus (X130). 
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DISCUSSION 

GrceiLspnn' in 1933 iiiportcj a ease of “primary osteoid eliondrosai'conm” 
of tlio lung, wliicli lie liclicved to be tlic first reported in the literature, although 
he stated that a case rei>orted hy Koe’ in ISCG had similar gross anatomie 
characteristics. Grecnsitan was able to demonstrate marked nan-owing of the 
lumen of a bronchus and infiltration of its wall hy tumor tissue. IIo described 
oMeoid eiomonts in the tumor and metastatic tumor nodules in the pericardium, 
pleurae, and myocardium. None of these features was pi-escnt in our case, in 
which the tumor seemed to be limited to the pnlmonarj' nrterj- and its branches. 
Tho.following points of similarity do exist: (1) invasion of the pulmonary artery 
producing cor pulmonale, (2) similarity in gross appearance, (3) pleomorphism 
evident microscopically, (4) no clinical or autopsy evidence of a jtrimary source 
of a neoplasm outside the lung, and (5) absence of mctastascs outside the thorax. 

Grcensiian’s case obvioasly can be regarded as malignant and thci-efore ns 
a chondrosai-comu, rather than ns a benign chondroma, sim])ly on the basis of the 
dcmoiurtrablc mctastascs. The ca.se herewith rc])ortcd exhibited gi-oss malignant 
ehamcteristics only by its having advanced through the pulmonarj- arterial 
sj-stom, no discontinuous mctasta-scs having oecurml. It would tboreforo seem 
advisable to su])port the diagnosis of malignancy by histopathologic evidence. 
In 1940 Ewing* stated that “while in general the moi-c cellular and softer 
tumors, ns m,vxochondromn, are the more malignant, both clinical and histological 
features should be regarded in applying the term ehondi-asarcoma. ” Lichenstein 
and JalTo® in 1943 presented the first satisfactory study of the transition stages 
between benign and malignant cartilage tumoi-s based on histologie features 
alone. It is true that their study dealt only with cartilage tumoi-s arising from 
cartilaginous elements of twno; however, it seems logical to apply the same 
criteria in judging the malignancy of any cartilage tumor. 

Licbenstehi and Jalle stated tlmt “a cartilaginous tumor sboidd no longer be 
regarded as benign if, when viable and not heavily non-calcified areas are ex¬ 
amined, it shows, oven in scattered fields: (1) many cells with plump nuclei, 
. (2) any giant cartilage cells with large single or multiple nuclei or with climip.s 
of chromatin.” The mieroscojiic examination in our case fulfills these criteria. 
In addition pleomorphism was marked, tho cellular picture ranging from com¬ 
pletely undifferentiated spindle-shaped cells to mature cartilage coUs. In fact, 
the tumor affords an excellent study of the histogenesis of cartilage, cxliibiting 
as It does all phases of cartilage forrmition. 

Greenspan’s cilso of chondrosarcoma primary in the lung was the only one 
which’could bo found in the literature. Ilowcvcr, reports of nineteen cases of 
chondrosarcoma arising in a distant Ixinc and metasta.sising to tho lung were 
collected by Cnstren” in 1931. In several of these there was uninterrupted ex- 
tciisiou from an obvious piimary site through the inferior vena cava, heart, and 
pubnonary arteries.*-' Grossly and histologically the imlmonarj- metastascs in 
this latter group were quite similar to the primary tumor repoi-tod in this paper, 
diondrosarcomns may arise from the ribs and stcimum but rarely invade the 
lung secondarily. 
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Six cases of primary sarcoma of the pulmonary artery Avith metastases to 
the heart and lungs were collected reeentl}’^ hj" Durgin and Ingleby." However, 
aU. these tumors appeared to arose from the intima or muscularis, and none was 
cartilaginous. 

At least ninety-six primary benign cartilage tumors," usually designated 
as “hamartomas” in the recent literature, have been reported. They represent 
overgrowths of the epithelial and mesothclial elements normally found in bronchi, 
the epithelial component appearing as clefts lined with epithelium (iisiiall}’ 
ciliated), the mesothelial element as adult cartilage. None of these tiunoi-s has 
been noted wdthin pulmonaiy vessels. 

Simon and Ballon® recently reported an unusual case of hamartoma of tlie 
liuig -which showed microscopic evidences of malignancy much like tliose de¬ 
scribed in our case, although there -were no metastases and no invasion of pul¬ 
monary vessels. This tumor, unlilce oui-s, contained definite clefts lined -with 
epithelium, a fact which makes its origin from a hamartoma quite likely. 

We are at a loss to account for the exact origin of the timior described in 
this communication. It raaj^ have arisen in a bronchus and then invaded the 
pulmonary arterial system, as did the tumor reported by Greenspan, although 
such a sequence could not he verified by careful dissection or by study of the 
microsections. Only one adequately described hamartoma allowing definite 
malignant characteristics has so far been reported.® The rarity of such a pictiu'c 
together with the absence of epithelial clefts in our tumor are strongly against 
its development from a hamartoma. If it arose from a distant chondrosarcoma • 
of bone which was overlooked at autops}’’, it would still be without precedent, 
since such previously reported tumors all showed an obvious primarj' site. It 
also seems farfetched to postulate an origin in the wall of the pulmonary artery. 

CUndcal Comment .—The onset of tliis patieirt's signs and symptoms occurred 
about twenty rnontlis before death. Presumably the tumor fii’St gradually filled 
the left pulmonary ardery causing right axis derdatiou aird a loud puLmonie 
second sound. The roentgenograms suggest that the spread to tire right pul¬ 
monary vessels occurred only in the last month or two of life, at which time the 


right heart strain rapidly became more pronounced. Bight heart failure was 
well marked in the last week, and the terminal event was thrombosis in the re¬ 
maining lumen of the main pulmoirarj' artery. 

The presence of a tmnor -within the puhnorrary vessels is seldom suspected 
during life because of the rarity of such an occurrence. The inclination rs to 
attribute the cardiac signs and sjunptoms to the familiar effects resulting from 
myocardial or vahmlar disease. It is doubtful if a tumor in the pulmonaij 
artery large enough to produce cardiac strain would be amenable to suigica 


removal. 


SUMMARY 

A unique case of primary’- chondrosarcoma in the liuig filhng both pul 
monarj'- arteries is reported. A discussion of the factor's concerired in tire pat o^ 
logic diagnosis is given, and the literature relating to cardilage tumors invo vm^ 
the lung is briefly reviewed. 
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LOBECTOMY IN COCCIDIOIDO]\rYCOSIS 

Report op Two Casks , 

Julian A. Moore, M.D., Asheville, N. C., James D. Murphy, M.D., Oteen, N. C. 
AND D. E. Ward, Jr., M.D., Wlnston-Salem, N. C. 

S INCE the advent of World War II, coccidioidomycosis has been seen in all 
sections of the country. The high incidence of this infeefion is due to the 
fact that during the war many .service men were stationed in or traveled 
tlirongh endemic areas of coccidioidomycosis in the San Joaquin Valley, central 
and other parts of California, Arizona, and Texas. These men were exposed 
to the chlamydospores of Coccidioides immitis. Many contracted the disease 
and were treated, while others had a.sjnnptomatie. primary disease and were not 
treated. Patients in this latter classification are now being admitted witli 
secondary coccidioidal cavities. This paper contains reports of two such rtses 
which we would like to discuss briefly. 

In reviewing the literature, we were able to find reports of only two eases 
of coccidioidomycosis in which lobectomy Avas dojie. Peel’s, Holman, and Smitld 
reported a case in 1942 in wdiich a right upper lobectomy ivas perfomed for 
a solitai’;^- cavity. Their indication for surgery was fear that the patient was 
in danger of dissemination of the infection throughout the rest of the body. 
Pneumothorax was tried first, but this did not close the cavity and sputum 
and gastric wasliings remained positive for Coccidioides immitis. A right 
upper lobectomy was then done, followed by a thoi'acoplasty. 

The second case was reported to one of us (J. A. M.) by Blades of Wash¬ 
ington, D. C.^ Blades did a lobectomy at Walter Reed Hospital for a single 
large cavity in the left upper lobe which had been present for two yeam. The 
indication in this case was hemoptysis. An excellent result was obtained. 


CASE REPORTS 


Case 1.—H. tV., a 25-year-old Negro man served in the army from Jan. 21, 191 > 
until Jan. 13, 1946. During part of this sermce he was stationed in the desert area o 
California, hut did not manifest any symptoms of coccidioidomycosis at any time whUe in t le 
army. , 

At the separation center, Camp Blanding, Florida, roentgenologic examination an. 
13, 1946, revealed a cavity in the lower lobe of the right lung, although lie had had no 
previous symptoms (see Fig. 1). A diagnosis of “tuberculosis, pulmonary, clironic, 
moderately advanced, active” was made and the patient was transferred to Moore Genera 
Hospital, Swannanoa, N. C., March 7, 1946, for treatment. . 

On admission he was asymptomatic, liad a good appetite, and had lost no veig ■ 
On physical examination he appeared well developed, well nourished, and did not seem acu e ) 
or chronically ill. Examination of the lungs was negative. No rides were present. e® 
perature was normal, blood pressure was 110 systolic, 65 diastolic, and pulse 78 per numi e. 
There was no familial history of tuberculosis^ 


From the Department of Medicine and Surgerj'. Vreterans AdmlnistrtUlon hospital, 
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cine and Surgerj-, Veterans Administration, who assumes no responslbllltj tor 
expi-essed or conclusions drawn bj- the authors. 
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Laljomtorj" findinp^ on ndniljiflou Trore ns follow's; total erjilirooyto count 4,780,000, 
Iicmoglohin m per cent, total Icucoo^'te count 8,700, with 50 pohnuorplionuclcnrs, 38 lymphocytes, 
S monoc^ies, 3 cosinopUiles, nnd 1 Imsoplillc. The Ijloo^l sc<llmentntion mto CWlntrobc, 
corrected) vrns 7 mm. per hour. Urlnnlyhis showwl nchl reaction, si>ecific gravity 1.018, 
negntivo for albumin and sugar, nnd negative on microscopic examination. The vital capacity 
vns 3,600 cubic rentiniefcrs. .‘Urology (Knlm) was negntive. Seven direct sputnm smeans, 
four seventy trvo-hour spntinn eonronimtes, two sputum rnltures, and a guinea pig 
inoCTilatlon were nogntivo for nci<l-fnst bnrilli. 

Bronchowopies on Juno 24, 1040, Aug. 13, lt>40, nnd Jun. 31, 1947,'were negative 
nnd cultures taken for nchl-foBt Imcilli and Cocculfaide^ immitis wore negative, lie had 
a positive (+16) skin ti*tit for tulK’reulosis in the first strength, (’oecidioldes skin lest was 
negative in the 1:1,000 dilution nnd posithc ( + 10) in the 1:10 dilution. Histoplasmosis skin 
test wns negative in the 1:1,000 dilution and jwsitive (+6) in tlio 1:10 dilution. 

In June, 1940, blood tv«s sent to the Stanford University School of Mciliclne for 
scrologienl test for cocci«lloldomn‘osi«. tlomplcmeut fixation tests were reported ns negative. 

The cavity In the riglit lower lobe increased in site (Fig. 2) four nnd one-half montlia 
after ndmisslom. There was no inAltmtlon around the cavity. The left Inng was clear. 
Lipiotlol studies rovcaleil only one cavity present In the right lower lobe. 



FJb. 1. Flff. 3. 

Fix. 1 (Cw 1).—: Sw-rav film taken Jnn. 31. ItMC. at separation center, Camp Blandlnp. 
*a., siiowlnff alnRlo thln-wallCKl caWt}' In upper imrtlon of rlcht lower lobe. Note absence of 
other pulmonary disease. 

p —X-ro)’ film taken June 14, IWd. at iloore General Hospital, Swannanoa. 

nV vi, *bowlnf; Increase In slse of cavity In rlcht lower lobe dorlng four and one-half months 
oeu rest. 

A right plirenlclasia ^val! done Feb. 13, 1017, In order to collapse the cavity but no 
decrease in slio ^oa noted. In view of the nogntivo tulwnrulin flndlnga, a diagnosis of lung 
cyst, right lower lohe, wag made nnd tho patient was transferred to the Veterans Administration 
Hospital at,Oteen, N. C., April 7, 1047, for snrgerj'. 

At this time his only complaint was occasional pain in the right posterior cliest on deep 
tithing. Ho \raa ofobrllo nud his weight remained at n constant level. On. April 4, 10, 22 
and 24 (fifteen months after the cavity was discovored) his sputum was positive by smear 
culture for Cocridfoidcs tjumifia. X-my examination now rovonlwl a thin-wnlled cavity 
^ Iho posterior portion of the right upper lobo near the apex. In view of the positive 
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Fig. 3 (Case 1).—Photomicrograph Illustrating a round splierulc filled aJUi endospores found In 

cyst wall. 



Fig. 4 (Case 1).—X-ray film taken Aug. 8, 1047, 
Oteen, N. C., three months after right lower lobectomy, 
lobe. 


wans Administration HospRal, 
HopTPe of expansion of mloa 
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Coceldiohlca CMltaro, tho condition wn>» dingnowM n« cocci<Hoidomyco8ia \vitli envitatioiL Ap¬ 
parently ^vo wore clrullnff '^fli n ro^idunl cavity frnni n prior ntlnrk of primary coccidioidomy- 
rosis which wnB aBj’mptomntic. 

iffly 8, 1047; under cyrlo{iru|mne and ethylene nne^tlveniii n rlplit lower lolK*c(oiny wan 
performed. Tlio patient wan plven 1,000 c.c. of wliolo blowl and 1,3(H) c.c. of a 5 i>er cent 
Mlution of glucoBO in saline during the oiHOution. A 2dj cnt. thin-walled cavity ^vn« found 
in tho right upper lobe. On microi^opic cxnnjinntion tlm wmll of tlds cavity waa aeon to 
coniist of a caseous mass supitortod by grunulutiun tissue made up of capUlarlca, pluama cells, 
eoainophllca, and polymorplionueloar loucoeytea. In tho gmnnlatlon aono waa a alightly dis¬ 
torted, pnle-bluo staining spherule flllotl with cndosiHjres (Fig. 3). Ginnt cells in a few in¬ 
stances contained one or sovoral sphorulos. In the adjoining lung tiMuo nmnorons structurea 
resembling cplthclold cell tubercles wore seen. The microscopic diagnosis was coccidioidomy¬ 
cosis of tho lower lobe of tho right lung, gmnulonialous and t-nvity-fonning. 

The poMtoperativn course was uuewntful except for a liydrotlionix which was a8pirate<l 
onco on May IG, 1D47. yeven hundreil cubic eentiiueters of serosanguinemis fluid were ro- 
movtjd and wore found negative for Cofcidioiitea inimttia. Tlic sputum remained positive on 
•mcar, concentrato, and culture for spherules. In an effort to find tho source of the positive 
aputnm, plonigroma of both lung flohls were iimde but these revenleil no further evidence of 
cavitation. Bronchoscopy on July 8. 1047, ahoweil rodileuing of tlio right middle orifice but 
no signs of cndohronclilal disease, nronchoscopy on July 20, 1947, wna negative. 

Potassium lodldo and sulfadiazine weio given for one week followed by a therapeutic 
lotratracliwil Instillation of io<llictl oil on .\ug. 21, 1047. Tho sputum turned negative on 
concentrate but remained poaltlvo on culture for sphorulea of CotvtJio/Jrs ijnwuJts. 

X-my examination Aug. 8, 1047, showoil ro exfmnsion of the upper and middle lobes of 
the right lung (roo Fig. 4). Tlio imtient was asymptomatic and was giuning weight He 
was dischargod Aug. 30, 1047, three months and twenty-throe days after lobectomy. 

He retnmed to tho hospital for a chock-up oxununntion T>oc. ir>, 1047. At this time 
li® was asymptomatic and working regularly. The sputum cxnnrinntions (smear and culture) 
March 3, 1048, were negntivu for Cocculioidr.t immilit. 

Comment .—Tliia case illnstrntcs the innocent iwiitgoiiognipluc appearance 
and innocuous l)ehnnor of cavitation following pHumiy quiescent coccidioidomy- 
coais. Undoubtedly this patient bad n piimnn’ infection during militar>’ 
aeiwuco which was asjTnptomatic. At 8ei)uvntioii center liis residual ca^dty was 
discovered. The condition wtLs diagnosed ns pubiionaiy tuberculosis, a common 
error in thesio cases. 'When no acid-fast bacilli could bo found on repeated 
and extensive study, tho condition was then diagnosed as cyst of tho lung. A 
positive sputum for Coccidioides immitis was not obtained until fifteen months 
^tor the ca\'ity was discovered. The difficulty of making the correct diagnosis 
is clearly demonstrated hy this case. 

The s>Tnptom of posterior chest pain over tho canty is a common finding 
in residual pulmonorj’ cnritics. TJic usual symiptoms of fever and loss of 
■weight were not present. An important oliserv’ation is the increase in the size 
of the cavity (Figs. 1 and 2) during the four and ono-halC montlis of bed rest 
The cavity I'cmained large, ns Fig. 2 indicates, until lobectomy eleven montlis 
later. 

At first a phrcniclasia was done in an attempt to close the cavity, but this 

unmicccssful. "Wlien cavities are large, plu*eniclasia is usually of no value. 
Jn riew of the pei-sistoucc of the cavity and tho danger of dissemination or 
ncmoptvRls, a lobectomy was considered the treatment of choice in this case. 
Following lobectomy the sputum remained positive, although planigmms of 
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both Imig fields and bronclioseopy revealed no further e^^dence of disease. 
A positive sputum does not constitute a public health menace, for coccidioidomj'- 
cosis is produced by the chlamydospores of the fungus -which are contacted from 
the environment in endemic areas. Infection does not pass from pereon to 
person \da sputum containing endospores or spherules.® Unlike tuberculosis, 
the spheinle does not lend itself to dissemination of the fungus outside the 
animal body. 

At the time of discharge this patient was asymptomatic and gaining -weight. 
He returned to his occupation as waiter. On follow-up examination six months 
after discharge he was still SAunptom free and sputum was negative. In this 
ease we feel that lobectomy provided the most effective method of treatment. 


Case 2.—B. S., a 25-yenr-ol<l white man, .served in the army from Jan. 16, 1944, until 
March 26, 1946. Part of the time he was fitationed in Te.vas, Arizona, California, and the 
European theater. IVhile in the army he had no sj-niptoms of coccidioidomycosis or any 
related disease. 


During the summer of 1946 (three months after discharge) he first noticed that he felt 
unusually weak, tired easily, and was losing weight. He developed a cough which was pro¬ 
ductive of a moderate amount of grayish-brown sputum and complained of soreness and pain 
beneath his sternum. He paid little attention to these symiptoras,' however, and continued 
working as a mechanic in a garage. Symptoms persisted, and in November, 1946, he first 
observed blood-streaked sputum. There -was never any hemorrhage but he coughed up as 
much as a tablespoonful of blood at a time. This condition did not improve. In December, 
1946, he went to liis local physician for the first time. Upon roentgenologic examination a 
large cavity was discovered in the upper lobe of the left lung -with no involvement of the 
right lung (see Fig. 5). 


On Jan. 8, 1947, he was admitted to the Veterans Administration Hospital, Swannanoa, 
N. C. Chief symptoms were cough, blood-streaked sputum, and a weight loss of tliirty pounds 
even though the appetite remained good. At this time he complained of pains “between the 
shoulder blhdes and severe left chest acliing” at night. Physical examination revealed a well- 
developed, well-nourished white man who did not appear acutely or chronically ill. Examination 
of the lungs showed coarse breath sounds over the left ape.x posteriorly. No rides were 
present. Temperature was 99° F.; the blood pressure was 140 systolic, SO diastolic, and 
pulse 80 per minute. The remainder of the physical examination was essentially negative. 

Loboralory Findings .—On admission the total erythrocyte count was 4,930,000, hemo¬ 
globin 94 per cent, and the total leucocyte count 7,930 i\-ith 61 per cent polymorphonuclears, 
34 per cent lymphocytes, with 4 per cent monocytes and 1 per cent basophiles. The erythroeCe 
sedimentation rate CWintrobe, corrected) was 6 mm. per hour. Urinalysis revealed amber 
color, acid reaction, a specific gravity of 1.024, negative for sugar and albimiin, and a ffi"" 
white blood cells on microscopic examination. Serology (Kahn and Kolmer) was negatne. 
The total serum protein was 7.1 Gm. per cent with albumin 4.6 and globulin 2.3 Gm. per cent. 
The coccidioidin skin test was positive (30 mm.) 1:1,000 dilution. Tuberculin skin test 
(0.05 mg., purified protein derivative) was positive (10 mm.). Jlistoplasmin skin test'was 
negative in 1:1,000 and 1:10 dilutions. All sputum smears, concentrates, arid guinea pig 
inoculations were negative for acid-fast bacilli. Bronchoscopy on Feb. 17, 1947, revea 
minimal amount of blood seen at the left main-stem bronchus. Smear and culture were 
negative for acid-fast bacilli but a positive culture of Coccidioides immilis was found. 

Planigrams on Feb. 28, 1947, revealed a mottled infiltration and a thin-walled cayiD 
in the upper lobe of the left lung. March 7, 1947, a left bronchogram was done and io ize< 
oil filled the ca-vity (see Fig. 6). ] be 

A diagnosis of pulmonary coccidioidomycosis with cavitation in the left upper^^ 
made and the patient transferred to the Veterans Administratiori Hospital, Oteen, i • -i 


was 



FIr. 6. 


Mb. 5. 

Fig. 3 (Coho 2).—Phinigrani tnkon Fob. 2S, lOlT. an Swnonanoa DIvleltm of Veteran# Ad- 
nimirtration Hcwpllal, Otoen, N. C.. ehowlns eolttnry tliln-i^-allwl o^t (under fourth rib) In 
left upwjr lobe. 

^ (CajH> 2).—CronchoBmm token Morrh 7. 1W7. fit Simnnanon Division of Vetemn# 
AdmlnUtmtlon Hoapltal, Otocn. X. C, domonntratlnc #lio of the CANlly (bet^veen fourth and 
fifth rlb«) by Unlodol. 



PlB. 7. Fig. 8. 

tlnif vliT; ^ 2).—Photomleroffmph Iliuetrating apUeruIoe of (7oecIdioWr# Inimilt# within 

w ^ I^oto chronic granulation ttmsne. 

CHeen i5’ §, (C**o 2).—X-mr Aim taken BopL 24, 1W7, at Veteran# Admlnlatratlon Hospital, 
lobe^iTiy *"*' expanded lower lobe three month#, cljhtooo da>Ti following loft upper 







490 


THE JOURNAL OF THORACIC SURGERY 


on April 1, 1947. He still complained of pain in the left chest and cough-which was pro¬ 
ductive of blood-streaked sputum. Blood count, urinalj-sis, and serologj- were negative. The 
\-ital capacity was 5,200 c.c. (normal: 5,050 c.c.). Sputum smears, concentrates, and cultures 
for acid-fast bacilli were negative. Spherules of Coccidioides immitis were found in the 
sputum on April 2 and April 4, and cultures were positive for Coccidioides immitis. The 
erythrocyte sedimentation rate.was 2 mm. per hour (Wintrobe, corrected). 

Planigrams on April 10, 1947, again demonstrated the cavity in the left infraclavicular 
region. The right lung remained clear. The elcctrocardiogniphie tracing was normal. 

A diagnosis of coccidioidomycosis with cavitation in the left upper lobe was made and 
the therapy conference board recommended left upper lobectomy, which was performed May C, 
1947, imder cyclopropane and ethylene anesthesia. During the operation he received 1,000 c.c. 
of whole blood, 1,000 c.c. of plasma, and 1,000 c.c. of a 5 per cent solution of glucose in 
normal saline solution. 

The pathologist reported a 2.2 by 1.1 cm, cavity in the left upper lobe. On micro¬ 
scopic section the lesions everywhere resembled those found in tuberculosis, except for fine 
histologic detail. Spherules of Coccidioides immitis were found within giant cells or free in 
tubercles (see Fig. 7). Surrounding the tubercles and elsewhere was chronic nonspecific gran¬ 
ulation tissue and fibrosis. Part of the peribroncliial lymph nodes showed preserved follicular 
structure, but in other sections there were cpitheloid cell tubercles and giant cells undergoing 
caseation. The final diagnosis was coccidioidomycosis of the upper lobe of the left lung, 
granulomatous and cavity-forming, involving peribronchial lymph node. 

The entire postoperative course was uneventful and the remainder of the lung gradually 
re-expanded. This patient was discharged asymptomatic May 29, 1947 (twenty-three days 
following lobectomy), A follow-up x-ray film on Sept. 24, 1947, three months, eighteen days 
after operation, showed the remainder of the left lobe fully expanded (Fig. S). This patient 
had no complaints and was working every day- with no ill effect. 

Comment .—This ease also illustrates the asymptomatic character of primary 
coccidioidomycosis with puLmonaiy cavitation as a residual complication. Tbs 
patient served in endemic coccidioidal areas but was never ill. Three months 
after discharge he noticed the firet synnptoms: weakness, loss of weight, and 
cough productive of graj'ish-white sputum—symptoms similar to those of 
tubereulo.sis with which coccidioidomycosis is often confused. Later hemoptysis 
(but not hemorrhage) and chest pain were noted, .symptoms characteristic 
of residual coccidioidal cavities. 

The erythrocyte sedimentation rate and other laboratory data were es¬ 
sentially negative. Both the tuberculin and the coccidioidal sldn tests vere 
positive, a common finding in coccidioidal infection. Coccidioides immitis was 
found in the sputum nine months after symiptoms were firet noted. 

Judging from our previous experience with phreniclasia, it was felt that 
- this procedure would not close tire cavity, especially smee it was located in the 
left upper lobe. In mew of the large size of the cavity-, lobectomy was 
considered the treatment of choice. The sputum was negative follov^o 
surgery and the patient was discharged twenty-three days after operation. 
"When seen nine months after dischai’ge, he xvas stUl asymptomatic and wor ung 
daily at his former occupation. In this instance lobectomy^ achieved a giati . 
ing end result. 

WSCUf3SION , 

In the past it has been the general consensus of opinion that pulinonaiy 
cavitation following coccidioidomy’^cosis should be treated conservative y. 
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1942 Winn* rcporteil twelve cnsos of pulmonarj' cavitation treated from four 
months to four years under normal and unrestricted living and working con¬ 
ditions without collapse therapy. In five, the cavities closed spontaneously; in 
the remaining seven, the cavities remained with little change in roentgonographic 
appearance and without evidence of dissemination. In two cases Winn employed 
pneumothora.x successfully for excessive bleeding. Two other patients had 
open cavities six months and two and onc-half ycnis after pneumothorax 
treatment. Both cavities closed after the lung was re-expanded. Winn 
concluded that persistent pulmonary hemorrhage or the oeeasional large cavitj' 
associated with the continuous production of spherule-laden sputmn may be an 
indication for simple collapse measures. 

Denenholz,* in 1944, reported a scries of five patients with pulmonary 
cavities which were treated by bed rest and the application of a cloth hag 
containing lead shot over (he anterior aspect of the portion of the chest 
involved. The weight applied l>cgnn at three pounds (1.5 kg.) and gradually 
was increased to eight pounds (3.G kg.). lie l)elioved that rarities closed more 
rapidly on this method of treatment than with l)cd rest alone. He did not 
employ pneumothorax in any of his ca.ses. Phi'cniclasia was used in two cases 
to reduce the size of the cavity. Doncnholz also mentioned immobilization with 
a lead shot bag as of some bonetlt in helping to clo,se thin-walled cavities. 

Thus, there arc many opinions ns to the method of treatment of pulmonary 
cavitation in coccidioidomycosis. In some instances the patients have continued 
to work and the cavities have closed without any treatment. Best in bed has 
been successful in other instances. Phreniclnsia and immobilization rvith lend 
shot bag have been used ns an adjunct to bed rest. Lobectomy hns been employed 
in two previous cases and here at Otecn in two cases. Wo should like to 
emphasize the importance of lolrectoiny for patients with residual thin-walled 
cavities. 

Two main dangers must Isj faced in any patient irilh a residual pulmonarj' 
cavity from coccidioidomycosis. Tlic first is the possibility of dissemination 
of the pulmonary disease to other parts of tho IxhIv. Denenholz" stated that 
the mortality is greater than 60 per cent in disseminated coccidioidomycosis, 
although dissemination rarely occurs. Quill and Burch' reported four cases 
of disseminated coccidioidomycosis in 1944. Two of the patients died in two 
months and the other two in four months, a mortalitj' of 100 per cent. Dis¬ 
semination is deflnitclj' a serious and usually fatal sequela in anj’ patient ivith 
a pulmonary cavity. 

The second danger is hemoptysis. It is genemUj- agreed that patients 
who have had one or more pulmonary hemon'hages from their cavity should 
have immediate and adequate tlierapy to sto)) the hemoptysis. Pneumothorax 
lias been tried in some cases as reported bj' Peers, TTolman mid Smith' but 
without success. Phreniclnsia hns been tried, as in our first case, without 
Buccess. Homoptjmis is a distressing sjemptora and if nncheckcd is usually 
fatal. 

Lobectomy definitely appeals the most practical and efficient method of 
treatment for a patient with a residual cavity from priinnrj- coccidioidomycosis. 
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Excision of the diseased lobe averts all risk of dissemination and hemoptysis. 
The patient is tlien free, of his disease and will not live in constant fear of the 
development of a fatal complication. Also, he vnll be relieved of the symptom 
of pain in the chest, a common symptom and one exhibited by. both of onr 
patients. 

We realize that lobectomy is a new and different form of therapy for 
residual coccidioidal cavitation but believe tliat the nature and complications 
of the disease warrant immediate and extensive treatment. The results in our 
two patients, as reported above, seem to justify the employment of this pro¬ 
cedure. Time and the end re,sults in similar cases may afford the answer to the 
problem. 

SUAIMARY 

1. The literature on the treatment of pulmonary cavitation in coccidioidomy¬ 
cosis has been briefly reviewed. 

2. Two cases of residual pulmonary cavitation following primarj' coc¬ 
cidioidomycosis are reported, both suecessfull.v-treated by lobectomy. 

3. Lohectomj' is recommended as an effective and practical method of 
treatment in similar cases. 

ADDENDUM 

Case 2,—B. S. was readmitted Aug. 30, 1948, complaining of severe nonproductive cough, 
weakness, and night sweats. X-ray examination showed a thin-walled cavity 4 cm. in 
diameter in the upper portion of the remaining left lower lobe. Surrounding the envitv 
were productive strands and small areas of exudative disease. The sputum was positne 
for acid-fast bacilli. Coccidioidin skin test was negative in the 1:1000 and 1:100 dilution 
on Sept. 7, 1948. On Jan. 10, 1949, it was reported positive in dilution of 1:1000. Culture 
of the sputum was negative for coccidioides. 

A seven-rib left thoracoplasty was completed Nov. 17, 1948. The surgical collapse 
had little effect on the cavity, which remained thin-walled and with a diameter of 3 cm. 
An open cavernostomy was completed on March 3, 1949. Smears from the cavity wall 
showed coccidioidal spherules, as did tissue sections. Culture of the material from the 
cavity was positive for tubercle bacilli. _ 

The patient remains in the ho.spital. The cavernostomy has not completelj* obliterate 
the cavity. The course following the original lobectomy has not confirmed'our ear y 
optimism. 
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CAECINOJIA OP THE ESOPHAGUS 

Use of Rioid Indwellixo Esotoagrm, Tude 

A. 1j. Brown-, M.D, 

San Fr.\n-ckoo, Caijk. 

A HIGH pcrccntnge oC csoplingcnl ninlignnncies proves to be inoperable upon 
exploration. The surgeon is then confi-ontccl with the onerous choice of 
allowing the patient to stan-e or of performing a gastrostomy or similar pro¬ 
cedure. 

This alternative prcaente<l itself a year ago (luring au exploratory lap¬ 
arotomy, in a case of epidermoid enreinoma of the esophagus with involvement 
of the uoi-ta by direct extension. It was decided to attempt to establish a 
permanent artificial lumen through the malignant constriction by means of a 
rigid nonalisorbable tulre. A silver lidrn was fashioned and inserted through a 
longitudinal slit in the lower end of the esophagus into its lumen. This lube, 
9.4 cm. in length and S mm. in diamclor, was then passed up through the con¬ 
stricting malignancy under direct vision. The passage of tho tube was further 
facilitated by threading it upwards over a Uc\-ino tube. This prevented in¬ 
advertent i>crfomtion of the esophageal wall. The tube ends extended more 
•than 3 cm. aljovo and below the constriction. The tube had boon slightly flanged 



Oateral vltnv of the CBOphncu* ehowine IrremUnrlty of tvoll atid site of conitricUuu 
by tnmor. 

I^rom the Department of Thoinclc Surtcry, ilount Zion Iloapltal. 
nocfivwl for publicaUon April 22. 1948. 
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A. R. - . 

Pig:. 2.—^Anteroposterior and lateral views taken immediately after surgerj’ showing position 

of metallic tube in midesophagus. 
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at its distal end. The attempt was then made to keep it in position by fixing the 
distal csopliagcal end in an “S'’ .shaped manner to the posterior chest wall and 
by placing a fiat ligature of ccllojdiane around the csopliagus Just distal to the 
end of tlie tube, slightly eonsti'ieting the esoplingus at tliis point. These proce¬ 
dures formed a shelf whicli kept the tnlie from falling doum toward the stom¬ 
ach and the flange kept it from passing upward into the buccal camty. 

It has been possible to feed the patient by mouth since operation. Tiie 
diet is, of course, similar in consistency to that used through a gastrostomy tube 
bat 1 do not hcliovo that the manifold advantages of mouth feeding vcimis 
ga,strostomy feeding need be stressed here. 



I.—Mferophotocraph of Uio tumor Umuu obtalnou preoperatlvely by biopsy done at 
CBophnifoscopy. 


The patient -wafl inuncdintcly treated by roentgen radiation according to 
tho multiple-port method of Demy,* receiving a total of 20,000 r. over a period 
of thirty-one days, which gave an actual 5,000 r. to the tumor area. This caused 
a quick recession of the mass so that there was sufiiciont shrinkage to allow 
the spontaneous passage of the tube in thirty days. Bsopliagoscopy, six months 
after radiation, revealed a widely patent lumen throughout and no visible evi¬ 
dence of malignancy. 

It is believed tliat whether or not a patient receives such benefit from radia¬ 
tion, the use of a rigid indwelling esophageal tube, as described above, may be 
worth while. 

The exact material from which the tube should be fashioned to be most 
Qppli^ blo for tliis purpose is at present under investigation. 

O.: Beam Locnllxatlon and Depth Ikwe Determination, Radlolon’ 6ij 




DECOLLATION OE INTRADLEUEAL ADHESIONS BY OPEN 
• EXTRAPLEURAL PNEUMONOLYSIS 

Brlvn C. Thojipsox, M.D. 

Dunedin, New Zealand 

A RTIPICIAIj pneumotliorax in the treatment of pnlmonaiy tuberculosis is 
usuall}^ complicated the presence of intrapleural adliesions. lu niany 
eases the lung can be effectively freed by tlioraeoseopj’’ and internal pneumonoly¬ 
sis. MTiere adliesiotomy by this method cannot be achieved to a degree which 
allows adecp;ate relaxation and caA'ity closure, modern authorities'^ advise 
that the pneumothorax be abandoned and alterjiative treatment, usually thoraco¬ 
plasty, essayed. 

While the physician may see little diffej'ence in magnitude between aiti- 
fieial pneumothorax and thoracoplasty, some, indeed, preferring the latter 
method wdthout preliminary trial of the former, (ihoracopla^tie d’ embUe'^) the 
patient is likely to liold different mews. He sees a small operative mortalih', 
not in broad actuarial terms, but with himself as possibly in the miluckj' 
5 per cent. Postthoracoplast.v defonnitj', mnrimized though this may be by 
improved methods, is still a disagreeable piuspect, especially to a young 
w'oman. This operation, in fact, is regarded by most patients as a last resort, 
to be accepted if there is no possible alternative. 

We ought, therefore, before abandoning a pneumothorax because of in¬ 
divisible adhesions, to consider carefully any other means by which it might 
be rendered effective. One method wliicli has foiuid limited favor is the so- 
called “fenestration” extrapleural pneumothordx.’ This is performed in 
addition to the existing intrapleural pneumothorax, the twm air spaces then 
being joined by cutting tlu’ough the double pleural layer that divides them at 
that stage, the combined space being refilled thei’eafter as an ordinary in¬ 
trapleural pneumothorax. This operation is not exacting to the patient and a 
hazard of earlier days, the introduction of secondaiy infection, is now mitigated 
by chemotherapy. However, an initiaUy good result is very likely to become 
disappointing later. A good deal of blood ine\dtably oozes Horn the large mv 
area over the thoracic dome and even by early and frequent aspiration it is 
very difficult to keep the .space diy. Mdiether for this reason, or because a 
broad flap of combined pleura is left hanging more or Jess free over the upper 
part of the relaxed lung, fresh adhesion tends to take place and is followe 
by firm organization bet-ween lung and che.st wall. This occurrence, even i i 
does not immediately interfere wdth the collapse, is vei' 3 ' often sueceede P 
loss of the space altogether bj’- adhesive pleuritis. 

By adopting a modification of this operation, we believe w'e have aAOi e 

these objections. 

Prom the Tuberculosis ServUce, Otago Hospital Board. New Zealand. 3 rnnch. 

Read at the Annual Meeting of the British Medical Association. New ee e 
Feb. 4. 1948. 

Received for publication May 11, 1948. 
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CASE REPORTS 

Carr 1. —A wilcsjunn, aged 31 ycnrn, wnn found to linvo ijulmonary taberculosis in 
Jane, 1940, on roulino examination nfler tlie dcntli of his infant son from tuberculous 
meninptis- JIo Imil a i-avitnrv lesion «f ino«lemte extent in the left upper lobo, with 
tulierrle Imrilli in the sputum. T>eft nrtillein! |meumnthomx was induced on August 8, 
and at successive tlionicoscopies on October 11 and December 12 seveml lino nplcoiwsterior 
adhesions were dlvidcil by gulvniiocnutery. One short, broad, apirolnteml adhesion was 
judged ton dangerous to attempt, so tlint the lung was left firmly anchored to the chest 
wall at this point. The cavity remained patent, de'«pltc a cnmli of tho loft phrenic norve 
to assist relaxation, and the sputum continne»l to contain tubercle Ixicilll (Fig. 1). At 
this jnneturo the patient was told that the ^meumothorax nmst bo abandoned and that he 
sliould prepare himself for thomcoplasty, a pn»sjs*et for which ho displayctl no onthnsiasra. 



Fia. 1. F1&. r 

, , 1 (Case 1 ).—Wltti left artificial pneumothorax, after thoracoscopic division of ad- 

'ic*ions and phrenic nerve crusli. Lung still adherent, cavity patent 

, Fla. 2 (Case 1).—After extrapleural decollation of tho remaining adhesion. Lung com- 
l‘iet«ly free, cavity closet!. 


decided, therefore, to compromise by attoraptlng first a fencatratlon extraplenml 
operation, ndth tho proviso that thomcoj)lusty might still ultimately reqnlrotl. On Feb. 
31, 1047, under basal narcosis and nitrons oxide inhalation, the cheirt was opened by removing 
^ 4-Inrh section of the left fourth rib posteriorly. Tlie periosteum was divided and 
pQrietal plenm was readily stripped from tho cndothoracic fascia by finger dissection over 
Iho apex of tho lung. Tlie circular base of tho Intrapleural atUiesion, about 3 Vi inches 
in diameter, was now easily dlstingoished by irtilpation from tho free idonrnl Bnrfaec 
surrounding it Wo know from previous tliomcoseopic eiaminnlion that no other adhesiem 
''soa present and wc, therefore, decided to carrj’ tlie stripping operation no further. A nick 
Tonde throngh tho parietal pleura close to the base of the adhesion and was cnrriwl 
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around mtb scissors to a complete circle. The e.xcised ndliesion dropped back into the 
pleural cavity. The cut edges of the parietal pleura were sutured together and the TvomK] 
closed in layers. Moderate subcutaneous emphysema developed during the next twelve 
hours but the patient had verj- little constitutional upset. An air refill of 500 c.c. was 
given on the second day and on the third day COO c.c. of dark fluid blood were aspirated 
from the pleural cavity. Only 40 c.c. more were removed a day later, the usual diffically 
being experienced in drv’ing out the space. The remaining bloody, exudate, however, became 
absorbed without any obvious adhesion taking place. The intrapulmonary cavity closed im¬ 
mediately, the sputum became negative for tuberculosis and soon disappeared (Fig. 2). 
The patient is todaj- well and working, the pneumothorax being maintained by biweekly 
refills, with pressures on the negative aide of zero. 



Fig. 3. • EIb- 1- 

Fig. 3 (Case 2).—tVlth left artlflclnl pneumoOiorax. Lung adherent over a broad 
area, cavities still patent. , , 

Fig. 4 (Case 2).—After decollation of the adhesion-complex. Lung collapsed aga 
Gie mediastinum, cavities closed. 

Case 2. —Tliis patient was a factory foreman, aged 44 years, with a tubercul 
lesion detected in 1945. In June, 1947, definite activity was estabHshed, the lesion oc¬ 
cupying the left lung apex with a cavity beneath the clavicle 1 inch in diameter. Art 
pneumothorax was induced on July IS. The roentgenologic appearances (Fig. 3) sugges 
that the lung was massively adherent over the apex and thoracoscopy was not attemp 
On October 1 the chest was opened under local anesthesia, a 4-inch piece of the four 
being removed posteriorly, as in Case 1. The parietal pleura was stripped rom 
endothoracic fascia by blunt dissection until the whole vault was free. A fenestration 
then made into the pleural cavity. Direct inspection revealed a number of s 
adhesions which were easUy divided by galvanocautery, leaving a broad ^^ronned 

The pleural opening was carried right around this island of adhesion, which len 
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back. TUo jtleaml (Klgon wore mituml onil tho wound cloM3tl. Apart from subcutancoua 
emphysema the patient oijxTicnccd no postopemtivo clToctfl find waa tmnafetred bnek to 
the Bfinatorium on the fifth day l)ceaui»c bo foU too well to bo in a hospital ward. Tlio long 
was so far collapsed that no refill was nceessnry until October 28. 8omo ofTnsion formed 
(luring this period but as U (lid not inemisc, no psplmtlon was [reformed until December 
4, wlicn 000 C.C, of clear, pale yellow fluid were removetl. Tlio pleural space baa since 
remained dry nnd the lung (rnvlty, whieh utlll npiH'nrtsl jmlent aii weeks after operation, 
Is now apparently closctl (Fig, 1). The sputum is negntlvo for tiiljon'ulfwis and ho has left 
the sanatorium, on biweekly refills of lictwcen 2o0 und 400 e.e. 



Pit. 6. Flff. 6. 

Flff. 6 (Ose 1 ). —With left nrtiftclal pneumothorax, I^ns wliloly ailherent over the 
apex, cartly «tni pat^t 

FIr. ( (Case I),—After decollation of tho odhealon. Lunff completely free, cavity closetl. 


Case 3,—A surgienbappllnnco t(*cliDiclan, in a routine x-ray examination taken on 
discharge from the army in 1M5, wtw found to have bilatoml pulmonary tulwrculowis. 
After six months of routine sanatorium trenhnent he tvaa well encragli to resume his 
rivillau job, but signs of reactivation appeared in October, 1047, with a rise of tho sedi¬ 
mentation rate to 20 mm. and the appeamnee of tubercle bacilli in the sputum. Tliero was 
at this time infiltration in both lung aplcos with probable cavitation on tho left. An 
artificial pneumothorax was induced on this side on October 22, bnt n mussl\‘e adhesion was 
found to anclior tbo lung postcrolatemlly nenr the apex (Fig. 5). 6n, December 2, nndor 

®cal aneatJiesln, a 3-incli piece of tbo fourth rib was lemoved posteriorly nnd tho parietal 
P oum stripped as in previous coses over tho thoracic vault. Opening op tho pleural 
spaw showed a short symphysitic adhesion-complex which was enucleated by a circular 
fection. The released lung fell bock. Tlio wound wns closed In laj-ors, the breach in tho 
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day and had Ins first refill fo'ur davs In or T, ^ ® sanatorium on the fourth 

Tlie pulmonary collapse is entirely satisfactory intrapleural effusion, 
of .putum this i. neU™ for 



Fie- 7. j 

adhesiorm. ' artiflclal pneumothorax, after thoracoscopic division , of 

FIe-. 8 rr a\ posterolaterally. cavity still patent, 

lapsed, cavitj' '* (lecollatlon of the remaining adhesion. Lung massivelj' col- 


post-office clerk, aged 27 years was found to have pulmonarj' tuberculosis 
^ abroad in 1944. After rest treatment in various institutions, he 

me to his job in the post office and kept well up to October, 1946, when he was admitted 
0 lospi a with hemoptysis. He came under our care in October, 1947, with extensive 
■ is6ase and tubercle bacilli in the sputum. A right artificial pneuraotliorax was 

in uce on October 10, and on November 11, thoracoscopy was perfomied. Three apical 
s rings were divided but a short, thick spool-shaped band running posterolatemllj’ from tlie 
^ apma part of the lung was judged too dangerous to interfere with intraplcurally- 
Pig. 7 .shows the position after thoracoscopy. On December 1, a .1-inch section of the 
ourth rib w as resected under local anesthesia. After separation of the parietal pleura, the 
lase of the adhesion was found to lie directly beneath the exposed surface. Very little 
stripping ^^vas required to define its circular border, 1 inch in diameter, and an incision 
around this island base freed the lung completely. The wound was closed without suturing 
the parietal pleura. Next day the patient was rather dyspneic and was found to have 
a massive collapse of the right lung with displacement of the heart and mediastinum to tlie 
left (Pig. S). No considerable effusion developed, however, and the lung gradually became 
aerated. The pneumothorax is now controlled by weekly refills of 500 c.c., the sputum is 
negative for tuberculosis and apparently the cavities are closed. 
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COMMENT 

'Wo have preferred nii incision nloii^ the line of tiie fourth rib to the 
vertical paravertebml ineiaion ased by many snrgoniiN for tlie operation of 
extrapleural ])nouinothomx.‘ This seems to give iiti L'reater tendency to 
subsequent limitation of movement if physiotlierapcutie measures are instituted 
early. Active exercises arc begun the day following operation. Penicillbi, 
15,000 units every three hours, is given pai'cnterally as a routine for forty- 
eight hours after o]K>mtiqu and then discontinui'd if the temperature is normal. 

Preliminarj’ thoracascopy is an advantage, even if it seems likely that no 
ndh'esiotomy uill bo possible nt tbat stage. In Cases 2 and 3 this uas omitted, 
perhaps with no great loss. In Ca.so 4, however, in addition to enabling us to 
free some adhesions, thoracoseop.v showctl ns that the adhesion to be decollated 
extraplcurall.v was baaed right on the fourth rib, so that the usual posterior 
approaeli would lie directly over it. Thus, a veiy small area of stripping was 
required, Avith consequent at) 3 ence of hemorrhage. Wo propose in the future 
always to approach the objective as closely ns possible, unless, of course, more 
than one adliesion is involved. 

ntscussiox 

We feel confident, even from a small cx|>erioncc, that wo have evolved a 
metho<l of liberating adhesions of a t.viie that cannot bo dealt with by internal 
pnoumonol.vsis, because they aro loo short, or too massive, or too close to 
■niluerahle structures, or too vascular, or because they contain lung tissue or 
tulxirculous foci. If our technique has l)een urc<1 by otheis, we have found no 
published description, except of the extrapleural fene.strntion operation, of 
'vhich it may bo regarded as a development. 

Adhesions in this class may sometimes be freed by dicoUoment of their 
parietal attachments, either by means of the thoracoscope end cautery’’ * or by 
9Pen thoracotomy’ from witliin the pleural ca\'ity. We aro not persuaded 
that success can easily be achieved in this way except in the case of relatively 
small and mobile adhesions, where it is i)ORaible to define the limits of the basal 
island on every side. Even so, tho subparietal araa beueatb remains an imknown 
factor. Local anesthesia from the intrapleural approach is difficult and the 
cmicleation of tho head of the adhesion is tedious and risky’, even in ox- 
penenced hands. Our tcclmique, on the contrary, is exceedingly simple, free 
from j-isk of uncontrollable homoiThagc, and not much more exacting to the 
patient than a routine thoracoscopy. The area of operation is miesthetiied, the 
adhesion base can be examined both intrapleurally' and extraplourally before 
detachment, there are no lai’gc vessels liable to damage. Tuberculous tissue 
■s not likely to bo opened unless the adhesive area is very dense, in which 
rase no further pleural separation is attempted. 

Our four cases make a modest total from wliich to dinw conclusions, 
ffiis is due to two factors. Eirat, in the majority of patients with artificial 
pneumothorax where the treatment looks hopeful from the start, the lung can 
effectively freed hy thoracoscopic methods. Second, artificial pneiunothorax 
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has in our practice been replaced in certain types of cases as it has come to be 
preceded in a great number of cases, by artificial pneumoperitoneum combined 
until, or without, plirenic nerve interruption. For this reason we have not 
yet found more instances in which extrapleural decollation appears indicated. 
We are encouraged to believe that its field maj-- be widened, that a greater range 
of adhesions now regarded as indivisible and some difficult adhesions now 
attacked thoraeoseopically ivith misgiving may instead he decollated extra- 
pleurally and that timid patients may take courage in feeling that one further 
possibility exists for them between a failed thoracoscopy and the loss of their 
ribs. 

SUMMARY 

A technique is described for decollating intrapleural adhesions by open 
extrapleural pneumonolysis with the maintenance of an assentially intrapleural 
artificial iineumothorax. 

Pour eases are reported. 

The tliomeoscopie and e-xtrapleural operntions were performed in Dunedin Hospital 
I)}' Mr. .Tames A. Jenkins and Afr. Stanley L. Wilson, with hofli of whom the decollation 
technique was developed in close a.ssociation. 
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MEDIASTINAL TUAIOKS OK BLOOD VASCULAR ORIGIN 


MTi.liaji D. Seydold, M.D.,' John R. JIcDonai.d, JI.D.t 
0. Tiieron C'LAnETT, JI.D,,* AND Stuart AV. Harrington, il.D.* 
Rocii>ster, AIinn. 

T ins rcjjort donls ivitli thrco .siirgienl ca.sra of mL'iliairtiual tiimoi' in n-hicJi 
tlio histologic picture wns tlint of hcmnnpiomn or hemangio-endotlielioma. 
These lesions wore encountered nmoug niiproxinintely two hundred mcdinstinnl 
tumors treated surgically at the Mayo Clinic prior to Jan. 1, 1947. In addition, 
accounts of all mediastinal tumors of prolmhlc blood va.scular oilgin in the 
availahlc literature have been sought. Though no claim to completeness can be 
entered because of the extensiveness of the literature on mediastinal tumors in 
many languages and in many iniblications not generally available, a systematic 
and prolonged search yielded fourteen cases in which sufficient data wore 
presented to make them acceptable as eases of proliable blood rascular tumors of 
the mediastinum. The criteria for inclusion in this scries were (1) location of 
the tumor in tho mediastinum, (2) absence of a tumor in the lungs, (3) pathol¬ 
ogic verification by post-mortem examination or by surgical c-xploration, and 
(4) tho liistologio picture of hlood vascular spaces lined with ondotheliomatous 
tumor cells. A conscientious effort has been made to avoid the error of including 
in this group liighly vascular malignant tumors that were not of vascular origin. 

Perhaps because of the protean nature of tumors in tho mediastinum and 
even more because of tho striking train of sjTnptoms that I'csults from progrts- 
sively onlarguig tumora in certain parts of the mediastinum, the literature 
abounds with reports of mediastinal tuinois long before the inti-orluction of the 
roentgen ray, which made reasonably early diagnosis possible, and, of course, 
long before the surgeon had successfully cntci'cd the chest for the removal of a 
tumor. In this early period, mediastinal tumois were generally considered to 
he malignant and wore classified in two grouiw; carcinoma and sarcoma. Tho 
saieomns were tho more common, and they fall into the groups we rccogniro 
today as lymphoblastomas. The carcinomas were only slightly leas common. 
They were usually thouglit to be primarj' in the raediastinum and frct|nently, 
as a terminal event, to invade the hiln of the lungs. Many of tbc.se lesions 
described in detailed case reports of the last centurj’ we rocognizo today ns 
pnmary bronehiogenie carcinomas which had invaded mediastinal nodes exten¬ 
sively and in which the secondary deposits of tho tumor overshadowed the 
primary lesion. Occasionally, benign tumors were found and doscrilied. The 
dermoid c>’Ht which today wo classify as a dermoid tjTie of teratoma received 
much attention and was occa.sionally recognized during life on the basis of the 
rather startling apiiearnnce of hair in tho sputum. 

Rreelved for publlcaUon Mny SI. ISIS. 

•nivlBlon of Surcory, Jlnyo Clinic. 
tSwtlon on Surgicul Palhologj', Mayo Clinic. 
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Onr Imowledge of the pathology of mediastinal tumors iias advanced rapidly 
in the past twenty-five years following closely in the wake of new knowledge of 
respiratory physiology^ that has enabled the anesthetist to control respiration in 
the presence of an open pneumothorax and the surgeon to attack boldly and 
confidently an ever-increasing variety of-lesions in the chest. 

The ability of the surgeon to remove, with reasonable safety, circumscribed 
lesions within the mediastinum has made accurate knowledge of the variety and 
of the natural history of these lesions e.ssential for an intelligent approach to 
the problem presented by a patient Avith an intrathoracie tumor. 

Roentgen-ray examination of large numbers of apparently healthy pemons 
has disclosed many mediastinal and other intrathoracie lesions Avhicii went un¬ 
diagnosed in the past because symptoms are uncommon in the early life of these 
tumors. Successful surgical removal of many such lesions has pennitted valu¬ 
able pathologic and clinicopathologic studies, but since our knoAvledge of these 
tumors is still young and incomplete, reports of unusual and rare lesions make 
Avorth-Avhile contributions to our i*apidly aceumulatiug knowdedge in this field. 

A number of excellent reviews of the subject of mediastinal tumors in 
general have been published recently'’’ - and the experience of thoracic surgeons 
in tlie armed forces of the United States in World War n has been responsible 
for a number of interesting reports^’® concerning the incidence of mediastinal 
tumors in large numbers of young men and Avomen undergoing roentgen ex¬ 
amination of the chest and concerning the relative incidence of the several 
pathologic A’arieties. In the monograph of Heuer and Andrus’ mediastinal 
tumors of blood A'ascular origin AA’cre not mentioned. In one hundred and nine 
mediastinal tumors remoA'ed surgically and reported on by Blades^ there w'as no 
example of a tumor of blood vascular origin, and iii thirty-three cases reported 
on by Watson and Diamond"’ there Avas a single instance of hemangioma of the 
mediastinum (Table I). 

In 1944 Adams and Bloch® reported a case of hemangioma of the medias¬ 
tinum (Table I). They were able to find but one previously recorded case 
(Winkelbauer’s’) in the literature. Our oAvn extended search uncovered a few 
more eases Avhich we tliink should properly fall in this group, but at the same 
time it served to reemphasize the rarity of these lesions. 

Among approximately tAvo hundred mediastinal tumors that Avere i-emoAcd 
surgically at the Mayo Clinic prior to Jan. 1, 1947, there were three Avhiei 
seem to satisfy the criteria Ave previously set forth for a mediastinal tumoi o 
vascular origin. In Table I Ave haA’c summarized the reports on the fourteen 
cases Ave have been able to collect from the literature and the data on the three 
eases of our oaaui. Brief accounts of each of the latter three folloAV. The case 
numbers correspond to those in Table I. 

REPORT OF CASES 

Case 15.—A BT-year-old man registered at tiie clinic on Sept. 15, 1941, 
a feeling of pressure in the chest of three weeks' duration. According to his account lo 
been in good health until eiglit mouths before, when he began to lose weight. Four 
later he had chills, fever, and generalized pains. During the two weeks these acute synip 
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were present, lie was irrational part of the time. A roentgenogram of the chest revealed a 
tumor which was said to displace the trachea and the heart. For this he was given a coarse 
of deep roentgen-ray therapy which, according to his story, was followed by some regression 
in the mass. Three weeks prior to his registration at the clinic, a sensation of pressure in the 
chest, a cough productive of thick, mucoid sputum, night sweats, dyspnea on exertion, and 
anorexia had developed. Ho had lost thirty pounds (13.6 kilograms) since the onset of his 
illness. 

The past history and family history were not significant. 

On physical examination he was found to bo thin and pale. The blood pressure was 
124 systolic and 6S diastolic, expressed in millimeters of mercury. The pulse rate was 112 
per minute and the oral temperature 99.3“ F. During the course of the examination there 
were frequent paro-xysms of coughing. Examination of the chest revealed signs of consohda- 
tion in the left side with shift of the heart and mediastinum to the right. 

A roentgenogram of the chest showed a circumscribed shadow lying anterior to the left 
pulmonarj" liilum Iretween the second and fourth ribs (Fig. 1, a and 1). Boentgenoseopic ex¬ 
amination yielded the additional information that the mass did not have an expansile pulsation. 
Our films were compared with those that had been made by the patient’s physician at home 
and some increase in the size of the tumor was apparent. 



Fig. 1 (Case 15).— a, Posteroanterior view. 6, Left lateral projection showing the ant 

position of the mass. 


Soutine laboratory studies revealed normal urine, a moderate anemia, a norma 
cjde count, and a negative serum flocculation for sj-philis. . j 

Exploratory thoracotomy was advised and on Sept. 26, 1941, the left side o 
was explored, an anterior approach being used. A huge, obviously malignant tumor 
filled the entire mediastinum, compressing the left lung laterally and pushing the lea 
right. The tumor was invading the pericardimn and structmres in the anterior 
and it could not be removed. Biopsy revealed hemangio-endothelioma, grade 1 ( 

(on-a basis of 1 to 4, in which 1 represents the least and 4 the most malignan con 

Postoporatively, the patient failed rather rapidly. There were signs ^ 

superior vena caval obstruction, pain was severe, and death canie on Pec. , j 
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return home. 1‘ost-mortom examination wnB not done, but nn ncrount of the manner of hiB 
death in a letter from liia wife Bu^jKCstcd that rcrebml metaatoflis probably had deroloped aa a 
terminal orenL 

ilicroscopie Description. —Hietologienlly, tho Icaion Imd tho appearance of a capillary 
hemangio-endotholioma (Fig. 2, n and h). Mont of tho aptieea wore empty, but a few rrere 
filled with blood. Those spaces acre lined with round cells. In somo areas sheets of endo- 
tholial cells replaced tho vascular apnecs. There xnis raodorufo plcomorphlsm. Mitotic figures 
were scarce. Tlicro wero areas of necrosis and fibrosis, and a numiier of deposits of hemo¬ 
siderin- The pathologic diagnosis was hemangio-endotlielioma, grade 1. 



,, i (Cos© 16).—a. Section of biop*>' ©pcclroen (li©mo.toxj’Un Bind eosln X26). hj Sam© 
»wioo u In a, showing vascular spaces and larce endothelloraatous cells (heinatoij’lm and 


0a 8B 16.—An IS-yoar-old boy registered oa March 31, 1D44, because of a tumor In the 
right side of tho chest which hod been found on roentgen-my examination at an army In¬ 
duction eentor in October, 1943. Since the ago of 0 or 10 years ho had occasionally ex¬ 
perienced a dull, aching pain in tho region of tho third and fourtli lumbar vertebrae. During 
the previous two years this jmln had become more severe, and in addition, he had experienced 
recurrent, sorere, sharp pain beginning in the right upper abdominal qundnmt under the costal 
ttreh and extending across the abdomoo. During these two years he had lost ten pounds (4.6 
hflograms), but his general health hnd been good. 

The family history and tho past history wore not significant. 

The physical exiunlnation gave essentially negative results. Tho blood pressure in the 
brachial artery was 120 systolic and 70 diastolic. Tho pulso rate was 68 per minute and 
tho temperature 98.4® F. Physical ond roentgenologic cxamluntlons of the spinal column 
resulted in a diagnosis of spondylolisthesis. TJio pain in the hack was ascribed to thin defect 
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A roentgenogram, of the cliest showed a rounded mass approximately 2.5 inches (6.4 cm.) 
in diameter in the right posterior part of the chest adjacent to the spinal colunm at the level 
of the ninth and tenth thoracic vertebrae (Fig. 3, a and h). There was some erosion of the 
tenth rib. Eoentgenograms made in October, 1943, were available for comparison; no real 
change was apparent. A tentative diagnosis of mediastinal neurofibroma a-as made and 
thoracotomy was advised. 

On April 19, 1944, right thoracotomy was done through a posterolateral incision along 
the ninth rib, the greater part of which was excised subperiostenlly. There was a large, wcll- 
cLrcumscribed tumor lying in the posterior costovertebral sulcus extending from the upper 
edge of the ninth rib at its attachment to the vcrtel^ral body to a level slightly below the 
eleventh rib. The tumor was e.xternal to the pleura and there were many large, tortuous ves¬ 
sels, both arteries and veins, lying on its surface. The tumor was visibly and palpably ex¬ 
pansile. When the pleura overljdng it was incised and mobilization of the lesion was begun, 
bleeding was profuse and diflicult to control. The tumor itself was quite friable and vascular. 
Hemostasis was accomplished by controlling nU vessels, including the underlying intercostal 
vessels at the circumference of the tumor. There was no gross evidence of invasion of struc¬ 
tures in the intercostal spaces or of the ribs. Tlie bed of the tumor was covered mth pleura. 
The lung was inflated, and the thoracic wall was closed. The patient received 1,750 c.c. of 
whole blood during the course of the procedure. 



Fig. 3 (Case 16).— n, Postei oanterlor view. P. Ricrht lateral , 

posterior position of the mass and absence of enlargement of tho intei-v'ertcorai 
Is sometimes seen In neurogenic tumors In the posterior medlHStlniuii. 


showing 

foramen 


the 

ns 


After the operation the patient made a rapid and uncomplicated recovery. Ho was 
missed from the hospital on his twenty-first postoperative day. Because of the liisto ogi 
character of the tumor, roentgen-ray therapy was gpven postopera lively. 

Pathologic Description .—The tumor was oval and measured 5 by 4 by 7 cm. In cu s 
tion it was quite vascular, and there were numerous areas of hemorrhage and necrosis. 
was weU circumscribed, and its capsule was complete except at the site of rather roa 

tachment to the thoracic wall (Fig. 4). _ 2 is- 

Multiple blocks from widely separated parts were taken for niicroscopic stu y. 
tologically, the tissue had a capillary and cavernous pattern (Fig. 5, a and h), 
areas the vascular spaces were replaced by sheets and columns of endothelial cells. 
these cells were round, but some were inclined to be spindle-shaped and to line spaces. 
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Fig. i (Cnne 16).—Purglcul 



6 (Can* 16).—^, Demonstmtlon of capUlar>' im<3 cavomoun NTiwnilar pattern (heroatoxyUn 
and eoiln X125). b, Snmo aoctlon a* In a (Henmtoxylin and eoeln 
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of wliicli coutained blood; mitotic figures were scarce and nucleoli were not prominent. Hyper- 
cliromatism and irregularity in size of the nuclei existed in moderate degree. There were 
numerous fibrous trabeculae throughout the tumor. 

In one place, invasion of a thoracic sympathetic ganglion by the tumor was apparent 
(Fig. 6, a and b). 

In a letter dated April, 1947, the patient reported that he had been in good health since 
his dismissal here three and one-half years previously. 



Pig. 6 (Case IG).—Sympathetic ganglion cells surrounded by tumor tissue. Stained with 

hematoxylin and eosln. a, X90. l>, X3B5. 


Case 17.—A 59-year-old man registered at the clinic on Sept. 19, 1946, because of a 
tumor in the chest that had been discovered on roentgen-ray examination during the coiuse of 
a routine clinical e.xamination five months before. There had been no change in his general 
health and no local symiptoms. The family history and past history were not significant. 

On physical examination ho was found to weigh 150 pounds (08 kg.). The blood pres¬ 
sure in the arms was 130 systolic and 88 diastolic,- the pulse rate was 80 per minute and the 
temperature 99° F. He was woU developed and well nourished. The only abnormal findings 
were bilateral ingiunal herniae and varicosities of the saphenous veins. 

Eoentgenograms of the chest revealed a rounded, well-circumscribed mass approximately 
3 Cm. in diameter which appeared to be in the superior division of the right lower lobe (Fig- 
7,and b). There were several small calcified hilar lymph nodes in the left lung. Eomt 
genograms of the thoracic part of the spinal column showed minimal hypertrophic arthritic 
changes. 

Urinalysis and routine examination of the blood, including determination of hemog o m 
and erythrocyte and leucocyte counts, did not yield any abnormal data. The serum occu 
tion test for syphilis gave negative results. 

A clinical diagpiosis of intrathoracic neurofibroma was made and thoracotomy nns 

vised. 
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On Oct. 19, 1946, tlie right cliest cavitj' was explored througli the lied of the seventh rib. 
There ivas a soft, purple, obviously vascular tumor arising in the region of the seventh inter¬ 
space posteriorly, about 1.6 inches (3.8 cm.) from the spinal column. It was extrapleural 
and well encapsulated, and it was removed in toto ndthout difficulty. Some oozing of blood 
from the bed of the tumor was controlled with mattress sutures. The intercostal vessels in 
the corresponding inter.space did not appear dilated after the tumor was enucleated, the de¬ 
fect in the pleura was closed, the lung was inflated, and the thoracic wall was closed in layers 
without drainage. 

The cut surface of the tumor was dark red and .spongy in appearance. No large vessels 
could be identified in the pedicle. The tumor measured 3.5 by 3.7 by 2.5 cm. and weighed 12 
Gm. (Fig. 8, inset). 

Microscopic Anatomy .—There were many eapillnry and cavernous spaces, most of which 
were filled with blood (Fig. 8, a and h). In some of these spaces endothelial cells seemed to 
Ire piled up two and three deep, but in most they formed a single layer. The endothelial cells 
tended to be spindle shaped. No mitotic figures were found, and the hcraangiomatous ti.'.'ue 
was intersected by a few fibrous trabeculae. The pathologic diagnosis was hemangioma. 

In a letter dated Dec. 5, 1947, the patient stated that he was well and free of symptoms. 


COMMENT 

In the experience of the surgeons at the ]\Iayo Clinic, the most common 
primary tumors of the mediastinum are benign lesions, and in order of fre¬ 
quency they arc tumors of nerve oiigin (neurofibroma, ganglioneuroma), tera¬ 
toid tumors, and mediastinal cysts. Uhrieh® studied 160 primaiy mediastinal 
tumors removed surgically at the clinic prior to Jan. 1, 1945. The pathologic 
classification and i-elative incidence are shoivn in Table II. These figures agree 
rather closeh' with those published by Blades,^ Watson and Diamond,■* and 
others.*' “ 


Table II. Primary MEDiA.STiKAii Tumors Trelwed Surqicau.y (Uhricii) 


BENIGN I 

1 MALIGNANT 

TYPE OF LESION 

CASES 

TYPE OF LESION 

CASES __ 

Primarj' nerve tumor 

53 

Tlij-moma 

17 

Teratoid tumor 

29 

Miscellaneous 

< 6 

Mediastinal cyst 

18 

Cliondrosarcoma 

Fibroma 

6 

Hemangio-endothelioma 

4 

Chondromatous tumor 

5 

Teratoid tumor 


Thyroid adenoma 

3 

Bronchiogenic cyst 

1 

Lipoma 

Myxoma 

2 i 

1 1 

Xeurofibrosarconia 
Pibrosarconia in a fibroma 

1 

1 

Hamartoma 

1 i 

Liposarcoma 


Parathyroid adenoma 

1 i 


_ __— 

Total 

118 i 

Total 

4il __ 


.'O of these cases are Included in the present report (Gases 15 and 
two cases were review^ by us and tho lesions were reclassified as extre 


•Tv\' 

the other two cases were reviewed by 
undifferentiated malignant tumors. 


By all aecoimts, tumors of blood vascular origin in the mediastimun ai^ 
rare. Though benign hemangiomas occur rather commonly in the skin an ^ 
many" of the abdominal organs, heraangio-endotheliomas are rather uncommo^ 
in all situations. Furthei-more, the tumoi’s that have been classified as hemane 
endothelioma and endothelioma form a heterogeneous and controveisia 
There are a number of factors which make classification difficidt. ^'may 

has stated, “the demands for nutrition in rapidly growing cellular 
produce a type of growth wliich is composed chiefly of blood vesse s s ea 
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by mnsscs of tumor ccIIk, niid which is often cnllod peritheliomn, or telnngiee- 
tatic sarcoma. This rather characteristie structure is not confined to any one 
class of tumors and it is not essentially a tumor of blood vessels.” He defines 
true angiomas ns “a larger ola.ss of tumors in which a neoplastic process af¬ 
fects the walls of vessels and usually also the .supporting connective tissue.” 
Ewing’s concept of endothelioma is also that which has been widely held, and 
his definition and dLseussions describe lucidly the complexity of the group and 
the controversial is.sues. ‘‘The term endothelioma is applied to an c.xteusivc 
group of tumors which arc believed to he derived from the liiung cells of blood 
vessels, Ijnnph vessels and spaces, subdural sjmccs, and serous cavities. 

‘‘The scope of endotheliomas has suffered wide fiuctuations because of 
the uncertainty surrounding the embryonal relations of different classes of 
endothelial cells, the peculiar position occupied by these cells ns intermediate 
between epithelium and fibrolilnsl.s, and the difficulty of determining the origin 
of many tumors supposed to belong to this class. Thus some authors find the 
group extremely numerous and complex, while others, insisting upon more 
rigid data, describe a restricted class of tumors ns endothelioma.” This quo¬ 
tation has been taken from Hiring in order that we may clearly and unmis¬ 
takably present the concept we have accepted and tried to adhere to in pre¬ 
senting the reports of our tlu'ce cases and iu searching the literature for oth¬ 
ers. Accordnig to our concept, endotheliomas comprise a very limited group, 
and hemangio-endotheliomas comprise, of eouisc, an even more narrow and 
less numerous one. AVc have tried to limit ouiselvcs to those tumors in which 
the eridence suppoi-ted a blood vascular origin. Our definition agrees closely 
irith that of Bell*° who defined hemangio-endothclioma ns a form of angioma 
comprised of blood vessels in early stages of fonnation. Blood does not neces¬ 
sarily circulate through the vessels of the tumor since they are incompletely 
differentiated. In mcomplotcly differentiated parts of the tumor the endo¬ 
thelial cells form sheets or cords. In other parts of the tumor, numerous endo¬ 
thelial-lined spaces are present and blood is commonly found in a number of 
them. Histologic evidence of malignancy is judged on the basis of lack of cell 
differentiation, the number of mitotic figures, and the invasion of contiguous 
tissues. 

The diagnosis of a simple cavernous and capillary hemangioma offers 
little room for error or for controversy. 

Sfaliguaut tumors of blood vascular origin which metastasize to other 
parts of the body are very' rare. Benign hemangiomas, on the other hand, 
are rather common. They may be localized and well circumscribed, or they 
™Py grow slowly and invade contiguous tissues.” The majority of multiple 
hemangiomas are multiple primary groivths and not metastatic tumors, since 
the individual tumors are histologically benign'”; however, histologically 
benign, metastasizing angiomas perhaps do occur.” 

In our two cases in which the diagnosis of hemangio-endothelioma was 
made there was histologic evidence of malignancy and there were gross eri- 
dences of invasiveness in one instanee and microscopic eridence of invasive- 
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ness in the other. One of these patients who had a lesion which was locally 
inoperable died a few months later apparently as a result of the neoplasm. 
The second patient survived more than three yeai’s without evidence of recur¬ 
rence or distant metastasis. Our third patient had a neoplasm that grossly and 
microscopically was benign. He sumdA’-ed operation and Avas in good health 
Avhen last seen more than a year after operation. 

Symptoms and Signs. —The clinical picture presented in each of the seven¬ 
teen cases (Table I) varied AAddely and Avas dependent as it alA\mys is in medi¬ 
astinal tumors, on the size and the position of the groAAdh. Symptomatically, 
there Aims nothing unique or unusual in the majority of cases. There Avere at 
least tAvo exceptions to this statement, hoAvcAmr. The patient reported by 
LnienthaP'^’(Case 4, Table I) had a very unusual story, but rare cases of 
disappearance of a malignant lesion and long surviAml of the patient have been 
reported in carcinoma of the stomach, colon, breast, and other organs. The 
other exception AAms the presence of a palpable pulsation or an audible bruit 
over the tumor in three cases. These signs, of course, are not pathognomonic, 
for they are more common in the presence of an aneuiysm or an arteriovenous 
fistula. Pain Avas usually the result of malignant inAmshm lesions. Respira¬ 
tory embarrassment folloAved inAmHement of the pericardium or diaphragm, 
or the displacement of a large volume of pulmonary tissue. At least three of 
the lesions Avere discovered on routine roentgen-ray examination of the chest. 
As with any mediastinal tumor, cough, and hoaiseness may be present, and 
they may signify involvement of the tracheobronchial tree and the left recur¬ 
rent laryngeal nerve, respectively. 

All subdivisions of the mediastinimi Avere involved Avith apparently equal 
frequency. 

Sex and Age. — In the seA^enteen cases aAmilable for analysis in this revieAV, 
there Avas eqAial sex distribution, and the lesion Avas predominantly one of 
yormg individuals. Fourteen of the seventeen patients Avere less' than 41 years 
of age, and four Avere under 1 year (Table HI). 


Table III. Sex and Age of 17 Patients "With Mediastinal Tumors of Blood 

Vasodlab Origin 


sex 


Male 

Female 

Not stated 

7 

Total 

' ■ It HH 

AGEj YEARS 

Under 1 

1-10 

11-20 

21-30 
-■ 31-40 

' 41-50 

51-60 1 

• 61-70. 

Not stated 

4 

. • : 1 

- 2 

3 

4 ■ 

0 

1 

1 


Total- 


CASES 


Extremes of age: premature'Infant to 61-year-old woman. 
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Behavior of the Tumors .—^In eight of the seventeen cases, there was his¬ 
tologic cadence of malignancy. In six there was histologic evidence of 
bonignanej-'and in three the available information was insnffioient to permit 
independent interpretation. One of the lesions wo are including in the benign 
group was reported simply ns an hemangioma.* Definite evidence of distant 
metastasis existed in five cn.scs, in two of which the primary lesion had the 
appenrnnee of benignnncy. In Table IV, these data together rvith simple fig¬ 
ures on operability are summarized. In the attempt to evaluate the data on 
oircrability, it must be understood that the patients under consideration in¬ 
cluded infants and stillborn infants, along with several patients who suc¬ 
cumbed to tbeir lesions long before the contents of the thoracic cage were 
considered to be in the domain of the surgeon. These figures on operability, 
then, mean little and cannot bo applied to clinical practice today. 


Tablk rv. Patuoi/kuo CiURAcrm or llEnusnsAi, Tuuons or Blood Vasoulab Omora 

IN 17 Cases 


ciuiucnui OF TirwoR 

1 PATIENTS 

TOTAL 

TREATED 

SmaiCAUiY 

LmNO 


8* 1 
3 ' 

3 

2 

iHstoloffically li^oJgu 

Evidence of metfutnals 

0 

2 

4t 

S 

Jllutolopicallj Indetcraiinnto 
on hash of arailnblo data 

3 




rATUOLOOIO DIA 0 N 08 I 8 IN ORimNAL DECOnTS 


DIAOKOSIR 1 

OASES 

Endothelioma ! 

1 

Pleural ondotlielloma 

1 

ilalignant endothelioma 

1 

Hemangioanreoma 

1 

Angioma 

2 

Hemangioma 

6 

ifalignant hemangio-endotholiomn 

3 

■Angioearcoraa 

2 


' ’LHIenthara paUent (Ca*o 4, Tablo I) was living and well ten years after hla original 
report. She had rocelv^ no surgical trontmenL 
tin Cnao IS no follow-up liaa boon reported. 


A brief statement ns to the outcome in each of the six patients in whom 
surgical removal of the lesion was accomplished is given in Table V. Four of 
the six patients were alive and well at the time of the last available report. 
'Ibvo of these four had lesions which were histologically malignant. One was 
followed up twenty-four months and the other forty-tivo months. A third 
member of this group had a lesion which could not be removed completely 
liccause it had invaded the pericardium, though the histologic picture was that 
of benignancy. This patient was alive and wcU four years later, at the tirne 
of Adniiis and Bloch’s report in 1944. Though the prognosis must remain 
Bunrded in these patients, the lesions commonly are of a low order of malig¬ 
nancy, and equally commonly, they are benign. 
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Table V. Odtcome ln' 6 Cases in Which the Lesion Was Eemoveu Surgically 


CASE 

OUTCOME 

2 

Patient living and well at last report two years postoperatively. Tumor was Ms- 
tologicaUy malignant. 

9 

Patient living and well four years postoperatively. Tumor was invasive grossly 
but histologically benign. 

HB 

Patient died two months postoperatively of local recurrence and metastasis. 


No follow-up reported. Lesion was called benign hemangioma. 

16 

Patient living and well 42 months postoperatively. A recent roentgenogram of 
the chest failed to reveal evidence of local recurrence or pulmonary metastasis. 
Histologically, the lesion was malignant and had invaded a dorsal sympathetic 
ganglion. 

17 

Patient living and well 14 mouths postoperatively. Lesion was benign histologically 
and was called an hemangioma. 


SU.'H.ALUIY AND CONCLUSIONS 

This report has dealt witli three eases of mediastinal tumor in which the. 
histologic picture was that of hemangioma or malignant hemangio-endotheli- 
oma; these three tnmoi’s were encountered among approximately 200 medi¬ 
astinal tumors treated surgically at the Mayo Clinic prior to Jan. 1, 1947. A 
careful, though necessarily incomplete, perusal of the literature on mediastinal 
tumors brought to light reports of fourteen additional eases of blood vascular 
origin. 

A studious attempt has been made to avoid the easy error of including 
any highly vascular malignant neoplasm in this group. Only those cases have 
been included in which the eAudence for blood vascular origin of the tumor 
seemed reasonably complete. 

Primary mediastinal tumors are uncommon; those of blood vascular 
origin are rare. The most frequent lesions among them are benign tumors 
of neiwe origin and cystic lesions of teratomatous or enterogenous origin. 
Many other varieties have been reported. 

In two of our three cases there was evidence of malignancy. One patient 
had a lesion that had invaded surrounding mediastinal stnictures and that v as 
too extensive for surgical removal; the other had a lesion which was his¬ 
tologically of low-grade malignancy and which had invaded a contiguous 
sympathetic ganglion. The third patient had a benign hemangioma. 

Of the fourteen cases gleaned fi'om the literature there was evidence of 
malignancy in eight. In six of these the lesions were histologicallj’^ malignant, 
and in two the lesions were called histologically benign but there were regiona 
and distant metastases. 

Of the entire group of seventeen patients, surgical removal of the lesion 
was accomplished in six; four of these six were Ihdng at the time of the as 
available reports. This cannot be interpreted in terms of operability for some 
of these patients came under obseiwation long before lesions in the men 
astinum were surgically accessible. 

There is evidence to suppoif the contention that so-called benign hemaiig^ 
omas associated with metastatic tumors are in reality multiple piimaiy 
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Bioiis. The outlook for a patient ivith a single, Avcll-cncapsiilnted, histologically 
benign hemangioma of the medinstiinim is probably excellent. Even when 
it is not well cncnpsnlated and cannot be completely removed, the outcome is 
hopeful on tlie basis of the report of Adams and Bloch whose patient was alive 
aud well four yeara after operation. The prognosis must be guarded in those 
patients who have a lesion -with histologic features of malignancy, and the 
prognosis in the indmdual case cannot be predicted, as it almost never can be 
in neoplasms in any situation, on the basis of histologic appearance alone. 
Lilienthal’s case rather dramatically illnstralc.s the truth of this statement. 

No mediastinal tumor produces a snfficicntly distinctive clinical or roent¬ 
genologic picture to permit a consistcntl.v accurate pathologic diagnosis. 
Many of these tumors arc malignant, others have malignant ])otcntinlities, and 
all should bo removed surgically unless a definite eontraindieation e.xists. 
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iIESENCHY]\IO]MA OF THE PLEURA 
A Case E^:port 

Ed\vin*P. Alston, M.D.,* and Donald L. Paulson, M.D.f 
Fort Saai Houston, Texas 


R eports of primary pleural tuinoi’s are numerous, but obseiTations and 
intei’pretations of these tumoi-s continue to raise many perplexing ques¬ 
tions. 

Primary trmaoi’s of the pleura have presented an extremely varied histology 
(Robertson,^ Stout-). They have been described as (1) combined sarcoma and 
carcinoma (sarcoearcinoma), (2) sarcoma, and (3) carcinoma. These dif¬ 
ferences in histology have led to extreme difficulty in relating the tumor to a 
specific tissue of origin. The elements most commonly- considered as possible 
preeiu’sors of the various pleural tumoi’s have been (1) the subpleural lym¬ 
phatic vessels, (2) the si;bpleural connective tissue, and (3) the serosal lining 
cells or pleural mesothelium. 

It can be readily surmised from these considerations that there are difiS- 
cult problems confronting the pathologist in the identification and classifica¬ 
tion of pleural tumoi-s in regard to histology^ and origin. Because classification 
depends partially upon accumulated observations, we are reporting a primarj' 
pleural tumor which has aroiTsed considerable interest because,of its peculiar 
position in the right upper interlobar fissure, its strange histologyq and its 
probable histogenesis. 


case history 


E. S., an asymptomatic 51-yenr-old white man, a veteran of ATorld War I, was ad 
mitted to the Brooke General Hospital on Jan. 14, 194C, having been referred to one o 
us (D. L. P.) by Dr. E. G. McCorkle of San Antonio, because of a tumor in the right lung. 
This tumor was first observed in 1942 when chest plates were taken during an attack o 
influenza associated with pain in the chest. At this time it was thought to be a ryst o 
the right lung. The patient remained asymptomatic, but a repeat chest x-ray examina lo 
in 1945 revealed that the mass had doubled in size. He was, therefore, admitted to 
Brooke General Hospital for further observation and treatment. He had no 
he gave no historj- of cough, sputum, or fever. The patient’s past historj ro\eale 
he had had pneumonia three times as a cliUd. Tlie last attack was in 1912, when 
parently had an associated empyema on the right. Subsequent to this time ho la 
influenza about once a year for the past four or five winters, but ho had ha no 
complaints referable to the chest. 

Physical and laboratory examinations were noncontributory. 

Eoentgenograms of the chest on Jan., 16, 1946, revealed a discrete o\a ® ^ 
the right mid-thorax measuring 6.5 by 9.0 cm., located in the anterior half o e 
(Fig. 2). The margin was smooth and sharp. The appearance was interprete o 
of a retention C 3 ’st. The rest of the chest was apparently normal. 
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Received for publication May 26, 1948. A=<,istant’ Besldeut 

•Formerly Chief of Pathologj- Section, Brooke General 
In Medicine, University of California Hospital. San Francisco, „rcsent address; 

. tFormerly Chief of Tlmracic. Surgerj- Brooke general Hospital, 

Department of Surger>\ Southwestern Medical College, Dallas, Texas. 


518 




1*—Roentgenogram made In 1942. D, and 0, RoentgenoinTxm* made In 1945 revwlinc the tumor In poatcroanterlor anti right lateral 
expoiurea altuatcd anteriorly. The tnmor ho* increased In ilxe. 
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A broiichoscopic examination revealed narrowing of the orifices of the bronchi to the 
middle lobe and the dorsal division of the lower lobe of the right lung. 

Bronchography revealed minimal cylindrical bronchiectasis involving the basal por¬ 
tion of each lower lobe. There was nonfilling of the right middle lobe includbg the mass 
previouslj' visualized. Tliere was slight displacement of the bronchi about the mass. 

Surgical exploration was advised, and on Feb. ID, 1946, one of us (D. L. P.) performed 
a thoracotomj’’ and found a mass in the interlobar fissure completely surrounded by the 
right upper and middle lobes. The tumor was nodular, solid in consistency, and well en¬ 
capsulated. The capsule was dissected free from the visceral pleura covering the upper 
and middle lobes to which it was markedlj' adherent. The tumor apparently derived its 
blood supply from the parenchyma of the middle lobe. Two moderate-sized ve.s.sels from 
the midde lobe were encountered during the dissection of the capsule. The tumor was 
completely removed with the capsule intact. 



Fig. 2.—PoBteroanterlor roentgenoeram of the chest 
measuring 6.6 by 9.0 cm., situated anterior In the right mid-thorax. 
U. S. Army, Neg. 46-1444.) 


revealing a discrete oval_ shadow 


IT U. wet* -- , 

(Brooke General Hospital, 


The postoperative course was uneventful. The patient has been observed intemn 
tently since his discharge from the hospital. He is in good health and has no complabts. 
Eepeated examinations have revealed no evidence of recurrence of the tumor. 


PATHOLOGY 

The specimen consisted of a firm, nodular, slightly flattened oval-shaped ma.ss 
ing 10.3 by 3.5 by 7.5 cm. The external surface was completely covered by a thin, 
reddish brown capsule which was slightly roughened by numerous fibrous tags. T e c p^ 
sule bulged over nodules measuring from 0.1 to, 4.5 cm. in diameter. The 
these were relatively smooth, grayish white, and homogeneous. The intervening 
was dark reddish brown connective tissue (Fig. 3). 

The histology of the tumor as well as the cjf ology showed striking variations. 
nodular areas observed grossly differed from the intervening tissue only in the 
cellularity. The nodules themselves varied somewhat in cellularitj'. Some showe c 
packed cell nuclei (Fig. 4, A). These were round to oval in shape and contained irreg 
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netUTjrka of chromatin. A few containwl nuelool). Nuclear mcinbrnnoa were well defined. 
The nuclei variefi Blightly in eire and Bhape. Many were quite pyknotic. A few mitotic 
flgurea were present. Cell l>onlcr* were poorly define^!. The cjiGplaam was clear or vacuolated. 
The extremely cellular areas contained very llttlo ntronia. Tho loss cellular areas phowetl 
a moderate amount of plnk-Btaininp fibriUor material rnnnlnjj iHJtwoen the nuclei, staining 
as collagen. Romo of this tissue was almost acellular (Fig. 4, li). 

Numerous portions of the tumor were oxtroiuely vnsculnr (Fig. 4, C). In areas where 
tho amount of stronm prtMlomiimtwl over the numlier of cells the J^e^i^•a8cula^ areas were 
surroundtxl by a dense mantle of tumor cells. Tliore wore Jiumcrous spaces ^•a^ying in sire, 
filled with bloo<l, nnd lined by tumor cells (Fig. 4, D). 



. Flff. 3.—Groft* appearance of tlic tumor. T1»e mnsa a'ns oval In almpe and was made up 
a-hUe nodule* of \‘ariable Bt*e aepamtod by dark reddish brown connective tl#aue. 
Uirooke General Hospital, U. P. Army, Nen. l«-644.) 


Rovcral of the snmllor nodules were mode up of oxtremoly large giant colls of irregular 
slie and shape (Fig. C, .ii). These giant cells often containe<l numcrons multilobular nuclei 
'yith coarse nct^vorks and condensations of chromatbu The cytoplasm of these cells was more 
or less amphophilic and often contained very large, clear, well-circumscriljcd vacuoles. These 
vacuole* stained positively for fat with Scliarlnch R. The intervening stroma aws made up 
of polo plnk-stainlng homogeneous material. 

The appearances thus far describetl clinmcteriied most of the tumor. However, there 
one small area adjacent to the pleuml surface whldi presented an entirely different 
•tmeture. Hero the hlstologj' consisted of numerous branching tubular structures lined by 
caboldal cells showing round darkly staining nuclei and abundant neutrophilic cytoplasm 
(Fig. 5, (pjjp tubular structures were separated from one another by connective tissue 
stroma similar to that described almvc. Adjacent to this nodule the surface of tho tumor was 
partially covered by Intact serosal lining cells whlcli dipped Into tho connective tissue form* 
°5 crypts which bore an appearance identical to the tubular structures of the nodules de¬ 
scribed above (Fig. 5, 0). IHsewhoro, tho surface of the tumor was also covered by prominent 
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A bronclioscopic examination revealed narrowing of the oriilces of the bronchi to the 
middle lobe and the dorsal division of the lower lobe of the right lung. 

Bronchography revealed minimal cylindrical bronchiectasis involving the basal por¬ 
tion of each lovrer lobe. There was nonlllling of the right middle lobe including the mass 
previously visualized. There was slight displacement of the bronchi about the mass. 

Surgical exploration was advised, and on Peb. 19, 1940, one of us (B. L. P.) performed 
a thoracotomy and found a mass in the interlobar fissure completely surrounded by the 
right upper and middle lobes. The tumor was nodular, solid in consistency, and, well en¬ 
capsulated. The capsule was dissected free from the visceral pleura covering the upper 
and middle lobes to which it was marhedly adherent. The tumor apparentlj' derived its 
blood suppl}' from the parenchyma of the middle lobe. Two moderate-sized vessels from 
the midde lobe were encountered during the dissection of the capsule. The tumor was 
completely removed with the capsule intact. 




Ft§r. 2.—Posteroanterlor roentgenoeram of the chest revealing a discrete 
measuring 6.5 by 9.0 cm., situated anterior In the right mid-thornx. (Brooke General iiospi , 
U. S. Army, Neg. 46-1444.) 


The postoperative course was uneventful. The patient has been observed intermit 
tently since his discharge from the hospital. He is in good health and has no complaints. 
Eepeated examinations have revealed no evidence of recurrence of the tumor. 


PATHOLOGY 

The specimen consisted of a firm, nodular, slightly flattened oval-shaped mass 
iug 10.3 by 3.5 by 7.5 cm. The external surface was completely covered by a thin, 
reddish brown capsule which was slightly roughened by numerous librous tags. The cap^ 
sule bulged over nodules measuring from 0.1 to 4.5 cm. in diameter. The 
these were relatively smooth, grajush white, and homogeneous. The intervening 
was dark reddish brown connective tissue (Big- 3). . 

The histology of the tumor as well as the cjdology showed striking variations. ^ 
nodular areas observed grossly differed from the intervening tissue only in the 
cellulsrity. The nodules themselves varied somewhat in cellularity. Some showe ® 
packed cell nuclei (Fig. 4, A). These were round to oval in shape and containe m 
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intact serosal Iming cells which were flat to tall columnar in shape, and orderly in arrange¬ 
ment. In no area was there any evidence that the serosal lining cells actually participated in 
the tumor process. 

DISCUSSION 

We lielieve that tliis was a eonnectWe tissue tumor. None of our oh.sei'va- 
tious suggested that this tumor was related to the subpleural Ijmiphatic ves¬ 
sels. The only elements presenting an epithelioid appeai'anee appeared to 
be nothing more than imaginations of pleural lining cells, tvluch covered the 
tiunor. Since these pleural lining cells—mesothelial cells—did not apparently 
participate in the tumor, we do not helicA^e that a diagnosis of mesothelioma 
can he supported. 

The microscopic observations indicated various phases of connective 
tissue differentiation. The numerous bizarre spaces lined by tumor cells and 
filled vdth blood appeared to be a part of the tumor process rather than a vas¬ 
cular reaction to the new growth. The unusual vacuolated giant cells had the 
appearance of lipoblasts.^ In addition, there was fairly well-differentiated 
connective tissue shovung definite production of collagen, which appeared to 
be neoplastic rather than reactiA'e. All of these considerations lead to the 
suspicion that the precui’sor cell must have been one capable of producing the.se 
various elements. It follows, then, that the precui’sor cell in this timior must 
have been the mesenchymal cell.^ 

Sections of this tumor were sent to Dr. Arthur Pui-dy Stout, who wrote as 
follows: “I agi’ee mth you that the glandlike stiuctures are pinbably inclu¬ 
sions of pleural mesothelium and probably not an integral part of the neo¬ 
plasm, since they are confined to only one small area near the pleura. This 
tumor is not exactly like the one descifibed by Dr. Murray and myself^"’ be¬ 
cause it seems to have a greater variation in the mesodennal structui’es pro¬ 
duced. As you quite justly remark, there are portions of this groudh which 
look veiy much like neoplastic blood vessels and they are so numerous and 
bizarre that I cannot fail to suppose that they are part of the neoplastic 
gro^vth. The area Avhere the foamy giant cells are found suggests quite 
sti'ongly" the appearance of liposarcoma. -The giant cells seem to me to be 
more than mere phagocytes; rather they are more probably lipoblasts. The 
amount of collagen and reticulin in this tumor is remarkably varied in quan¬ 
tity and thickness; moreover the arrangement of fibers and cells is very bizarie 
and does not reproduce the customary appearance of fibrosarcoma. If ve aie 
correct in supposing that this is a mesoblastic tumor which differentiates into 
lipoblasts, vascular structures and bizarre mesenchymal stmetures in diffeien 
areas, then I think that this tumor belongs to a special variety of which 
have been accumulating examples with the idea of classifying them all uu er 
the tenn 'mesenchymoma.’ I know that this term has been used alreadi inl 
regard to ovarian neoplasms by Novak^^^ but it has not met with genera ac 
ceptance as applied to the ovary, ahd I think it can be used with much 
accuracy with a tumor such as this and othei-s like it which, in addition to 
- structures seen in this tumor, also form atyiiical bone and cartilage. 
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Our final Intorpretntioiia are that this tumor represents one which has 
(liffcreutinteil into several t3'|ips of coniieetivo tissue, and for this reason must 
have arisen from n nmltipotent primitive connective tissue cell, the mcseii- 
chymal cell (according to Dr. Stout). In multiple sections we were unable to 
recognize nnj' participation in the tumor ou the part of mesothclinl cells, and 
for this reason sec no indication to attribute the origin of the tumor to these 
coll.s. We realize that our lack of obserr'ation of mesothelial involvtment 
docs not comi)letel.v rule this out ns a pos.sibility. Tt seems more probable to us 
however that this tumor arose in the subscrosnl connective tis-sue from the 
mcscnchjTunl cell, occurring there either through lack of prior difrereutintiou 
or through reversion of mature cells to this more primitive tiTjc. 

SUMMARY 

An nRj’mi)tomntie fil-.vear-old white man ])resented himself for removal 
of a thoracic tumor which had been discovered incidental!}' on x-ray e.xam- 
inntion of the chest four years previously. During this interval of four years 
it had doubled in size. The tumor was removed. Pntholog}- studies revealed a 
tumor made u)) of divci'sc connective tis.sue elements which suggested that its 
origin was from a multipotent mesenehymnl cell. It apparently belongs to 
that group of tumoi's classified by Stout as mesenchymomas. 

Two years after removal of the tumor, the patient is living n normal life, 
and is well. There is no evidence of reeurrenec of the tumor, 
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USE AND ABUSE OP BEONCHOSCOPY IN ALLERGIC ASTHMA 

George L. WAiiDBOTT, M.D. 

Detroit, IMich. 

B EONCHOSCOPY is employed in bronchial asthma mainly for the pui-pose 
of differentiating it from other types of wheezing. Early advocates^ of 
therapeutic bronchoscopy in allergic asthma observed that aspiration of the 
characteristic tenacious mucus benefits some patients considerably while ia 
others in whom there is little secretion in the bronchial tubes, no improvement 
ensues. This experience is now shared by many.- 

In 1938, I reported^ that bronchoscopy had been a lifesaving procedure 
in several instances. It was then suggested that all asthmatic patients in a 
moribund state should be given the benefit of this treatment. Although an 
increasing number of clinicians'* concur in this view, there is considerable 
reluctance on the part of both bronchoseopists and allergists to employ the 
procedure in an extreme emergency.* For this reason it was attempted to 
reidew the records of therapeutic bronchoscopies in 112 patients ivith allergic 
asthma with the view of setting up distinct criteria for the indication and 
contraindication of bronchoscopic therapy. 


PATHOQE>rESIS OF ASTHSIA 

Before approaching the subject proper, brief reference to the mechanism 
of asthmatic attacks must be made. Asthmatic wheezing is effected by air pass¬ 
ing through partially obstnicted bronchi. This obstruction is caused by mucus 
as well as by bronchospasm which, as recent Imowledge suggests, are due to 
histamine elaborated from the antigen-antibody reaction. Prom clinical experi¬ 
ence it appears that the mucus becomes thicker in consistency and its expulsion 
more difficult, the more protracted the condition.! Wheezing and cough arc 
relieved when some of the mucus is expectorated. Conversely, when elimination 
is interfered with (e.g. opiates), the attacks become more severe. An unusual 
degree of dryness of the respiratory surfaces further tends to make the mucus 
sticky and adherent to the bronchial walls. In this state the bronchial dilation 
brought about by the action of epinephrine and aminophyllin no longer suffices 
to loosen it up sufficiently for expectoration. These drugs are no longer effec¬ 
tive (epinephrine-fast). The gluelike material behaves like a foreign body. 
It constitutes a check valve to the portion of the lung distal to it, allo'wing the 
air to enter during inspiration, but trapping it during the expiratory phase of 
. the respiration. 
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•This was recently brought out when three bronchoseopists refused to ..foo 

procedure in one of my paUents djdng from asthma, because they considered his conaiuv , 
far advanced.” A fourth consultant finally performed tlie bronchoscopy, which mas imni ^ 

followed by a dramatic recovery after 120 c.a of thick mucus were aspirated from me me 
+The changes In the appearance of the expectorated material resemble those seen 
fever In which, at the beginning of the season, the nasal and sinus mucosa secretes a v 
watery fluid, that becomes thicker and purulent Inter on. 
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INDICATIOXR 

AVith this in iniinl, the principal reason lor a therapeutic bronchoscopy 
in allergic asthma is to remove the tliiek, tcnaciotis mnens which accumulates 
in the bronchial tree and ititcrfercs with respiration. 

In practice, bronchascopy should be employed: (1) To prevent a moribund 
patient from l)ecoming lusphyxiatcd through the accumulation of the mucus; 
(2) to break up a chionic asthmatic state—^so-called status asthmatiens— 
regardless of its severity; (3) to remove a single mucomt plug which, through 
complete obstruction of a bronchu.s, has jn-odueed partial or total pulmonar 3 - 
atelectasis; (4) to dilate strictures of the bronchi which follow inflammatory 
changes of the bronchial mucosa; (5) to remove mucous secretion fi-oni 
bronchiectatie areas. 

1. Emergency .—liiglit patients in this series of 112 (Table I) were in a 
moribund state. Either following sudden onset, or developing gradually, their 
coudition had deteriorated in such a manner that it had become refractory to 
all medication. Tlie cx]iectorntion, which had been without difllcultics at first 
and had yielded copious and viscid material, had gradually “dried up” and 
become very laborious. In all but one patient (Case 2. to be de.scribed later) 
the main bronchi and secondary ramifieations of the bronchial tree were com¬ 
pletely oirstnicted by mucous plugs. After the removal of between 30 to 00 
c.c. of this material (hrough aspiration and lavage with saline solution, the 
asthma subsided. 


Tabu: I. 

HESni.TK OP 

144 BiioxcuoHcoFictf IX 104 Patients* 


1 

'TtrTAI. 

, EXf’El.LXNT 1 

OOOP 1 

NO iirraCT 

Emer^ncles 

Clirorilo OBtlimtitio 

8 (tt) 

7 (10) 

-- 

1 (1)1 

00 (132) 

1 K («) 

60 (75) 

38 (4P) 

Btato including; 
Broncliiectoala 
Atelectasis 4 

(C) 

Indefinite 

3 (31 — 1 

(2) 

Bronchostenosis 4 

(8) 

3 (3) 

1 (3) 

Total 

104 (144) 





* . some of the»o patient* romolnod free from orthma following tho bronchoacoplc 

the result* represent only tho »hort-torm rcaponso to the treatment since permanent 
mprovement might be attributable to measurefc employed previously. 

Number of bronchoecople* Indiaitotl In porcnthcnc*- 

tCoso 2- 

In one case (a 10-year-old girl), broncboscopic treatment appeared to be 
lifesaving on four occasions. AVTicn, on admission to the hosjiital during 
another such extreme attack, the hronchoscopist was not immediately avail¬ 
able, the'patient died. 

2. Status Asthmatiens .—By far the majority of hronehoscopies were canietl 
out for the purpose of hrcnldng up a chronic, not necessarily severe, state of 
aafiuna which did not yield to other modes of treatment. If the sputiun of a 
chronic asthmatic patient presents bronchial casts, if each coughing S])ell 
suits in severe wheezing which is somewhat relieved upon e-xpoctoration, or if 
diero is evidence that “tho mnens does not come up any more,” bronohoseopic 
treatment should he considered. Upon endoscopic inspection, there is, in 
addition to the obstructing mucus, eonsidemble narromng of tlie bronchial 
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lumen; bronchospasm may actually be so severe that it may simulate a 
cicatricial stenosis; collapse of the pcsterior walls of the trachea and bronchi 
may be noted on expiration; the bronchial mucosa exhiljits acutely inflamed 
areas which are inteispersed until normal appearing ones. One hundred thiity- 
two bronchoscopies were performed on 96 patients (Table I). In eight, a 
single bronchoscopic treatment was followed by complete and lasting relief 
from asthma, and fifty additional patients improved considerably follounng 
one or more bronchoscopic treatments; the remaining thirty-eight experienced 
little or no benefit. Among the former there were several individuals in 
whom the asthma was aggravated, or induced, by psychogenic faetois. Here 
marked bronchospasm was noted, but little or no mucous secretion was present 
in the bronchi. "When the mucus is not completely removed through the 
bronchoscope or expectorated subsequently, patients may relapse into the 
asthmatic state after initial improvement. In this case it is advantageous not 
to wait longer than one or two days for a second bronchoscopic treatment in 
order to remoAm the mucus more thoroughly. 

3. xltehctasis .—A single mucous plug may lead to either complete or 
partial atelectasis of a pulmonary lobe, according to Avhether a main or 
secondary bronchus is obstructed. The physical findings of suppression of 
breath sounds and vocal fremitus cannot be elicited as clearly here as in non- 
asthmatic indmduals because of the marked wheezing throughout the lungs. 
Localized excessive Avheezing about the atelectatic areas is a characteristic 
finding of diagnostic significance. Complete atelectasis of a smgle pulmonary 
lobe is not an uncommon complication of allergic asthma. In one of the 
four patients in this series the bronchoscopist did not succeed in eliminating 
the mucus and clearing up the atelectasis. 

4. Stricture of Bronchi. —In three patients, an exceedingly chronic asthmatic 
state Avas accoimted for by bronchostricture Avhich originated from hiflamma- 
tion of the bronchial mucosa. Nonproductive cough, suppression of breath 
sormds and fremitus over the affected area, and febrile episodes due to localized 
pneumonitis characterize this condition. Here, too, wheezing around the 
affected areas in excess over that heard in other parts of the lungs is a significant 
diagnostic sign. X-ray findings are less conelusiAm than in atelectasis. In con¬ 
trast to a much larger incidence of this condition suggested by Prickman and 
Mocnch,^ the records of our series revealed only four cases in AAdiich binncho- 
stricturcs Avcrc demonstrated. Three patients Avitli pereistent asthma should 
complete recovery folloAving a single bronchoscopic dilatation of the stricture. 

5. Bronchiectasis .—In my experience, permanent bronchiectasis is encoun¬ 
tered less frequently as a complication of allergic asthma than the litcratuie 
indicates. In cAmry patient Avith protracted asthma one Avould expect some 
temporaiy AAudening of the terminal bronchi, consideilng the large amount an 
the consistency of' the mucus found on bronchoscop.A' in the ramifications of the 
bronchial tree. Indeed, our experience on several patients beais out the fact that 
such temporary bronchiectasis is no longer in evidence after the attack has su) 
sided. 
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It n broncliodrnpliy with liiHodol ia (leairahlo when broiicliicclnsis ia bus- 
))cctcd, great caution siiould lie used. Honctioiis arc not uncoimnon; even 
oxituH from this pi-oeedure lias been reported.” Allergic patients may be sensi- 
tive to the contrast material. In other eases, the “crowding” of the oil into a 
bronchial tree, filled to capacity with imiens, may lead to ns|)liyxintinn of the 
patient. 

CONTRAIN'DK’ATIONK 

Broiielio.scopic treatment .should not be cniploywl when there is little or no 
iinicon.s secretion or when the spniniii is thin and watery. This is true (1) in 
asthma of short duration where there is etlema of the alveoli which is often 
followed by pneumonitisd (2) in incipient asthma ehanieterizcd h.v a iioupro- 
ductivc pcrtus.sLs-like hnmehitis' in wliieh hronehoscopy reveals petechial henior- 
rhnge.s, and occasionally urticaria-like edema of the hrenehial mucosa; (3) in 
the sudden severe attacks (allei'gie shock) following injections, ingestion, or 
inhalation of antigens to which extreme sensitivity exists where thin mucous 
necretioii in conjunction with hrenehospasm dominates the clinical picture. 


lIA>!.\m).S KRO.M imo.sciioscoi’Y 


The rchictnnce of hronchoseopists to avail thcni.sclvas of this ])roceclure 
more fretiiiontly in allergic asthma can lie luideiutood hecanso asthmatic patients 
are more susceptible to ctncigoticics than other individuals. Sensitivity to, and 
intolereuce of, uuesthetios and other drugs ndmiiiistered before and during 
the operation eotistitutcs the priiicipal souree of danger. 

Aiiesihctics .—On several occasions phnrjmgeal edema was encountered 
followed by d.iTipnea itiinicdiutcly after loeal application of cocaine or pantoeain 
to the pharynx. If such sigtis of sensitivity to the nno.sthetic are recognired 
promptly, epinephrine, applied loeall.v and injected subcutaneously in largo 
doses (0.6 to 1.0 e.c.), .suiiplomented by intravenous aminophyllin and anti¬ 
histamines ivill avert disaster. Intoleraiice to local nne.sthetics, on the other 
hand, manifests itself through such iiremonitory .symjitoms ns flushing of the 
face, twitching of the muscles of the extremities, e.xtreme nervousueR,s, sensa¬ 
tions of “heat” in abdomen, stertorous breathing and, finally, coinuilsions.* 
Sodium pentothal,* administered iutravcnousl.v, is consideied a potetit antidote. 

Preoperalivc Drugs .—Among preoperativo medieations, allergic patients 
are particularly susceptible to hnrjirds from opiates. Codeine, morphine, 
dilaudid, and Demerol, in my experience, have led to aggravation of asthma. 
One of the patients (Case 2, 5Ir. W. P., 57 yeais old) developed marked 
cyanosis, Cheyno-Stokes respiration, and cardiovascular collapse within ten 
minutes after the hj'jiodonnic administretion of % gr. of Pantopon. Two hours 
later a hronchoscoiiy yielded only small amounts cf thiu mucous secretion; there 
"■ns no hronchospasm and the bronchial mucosa exhibited cWdenco of iuflam- 
throughout. The jiatient died four houra later. The autoiisy revealed 


ai employed as n ffcneral nno^thetlc. It nbould be Ufled JudIcIou«ly. In a 
PrwWiini”!!' V- received nn tntravenouH Injection of r, per cent swlluni pentotlml 

Under epanm of the eplRlottln devclDPC<l which threatened aephyilntlon, 

•cone aim 5..™,”“',*''* ‘be mirseon •ucceeded In pry-lna open the cplBlott;« with the broncho- 
ifirroauclng: tlie fnniniment Into the brochus. 
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liilateral broncliieetasis, pulmonaiy emphysema, marked edema, and congestion 
in the liver and spleen. It was felt that this fatality Avas the result of intoler¬ 
ance of Pantopon. 

Endoscopic Medication .—^Because of the hazard of sensitization, a Avaming 
should be given against introducing dings into the bronchial tree. We have 
abandoned the use of cocaine, Ai-gju-ol, 2 per cent guaiacol, 10 per cent silver 
nitrate, 1 per cent mereuroclu’ome, or 1 per cent menthol, wliich were advocated 
by Lukens and other’s.^ We are also I’efraining from the use of sulfathiazole 
solution. Only penicillin and occasionally small doses of epinephrine are em¬ 
ployed imder the precautions outlined here. 

4. Other Accidents .—Severe dj'^pnea and unproductive cough may occur 
within a short period after the bronchoscopy. Tliis indicates tliat some of tlie 
tenacious material had been freed but is now blocking some of the broncliial 
passages. A fatality reported by LelP might thus be explained. One should, 
therefore, be prepared to reintroduce the bronchoscope promptly for another 
aspiration in tliis emergency. 

A rather luiique accident was encountered during a bronchoscopy in a 
patient presenting a bronchostenosis (hlrs. K. S., aged 36 yeais). During the 
attempt to dilate the stenosed bronchus the dilating bougie was locked so tightly 
by the spastic contraction that it broke off upon Avithdrawal. The object was 
later removed uneventfully by thoracotomy. Since this operation, the patient 
has been free from asthma. 


PRECAUTIONARY ME.\SURE.S 

In order to minimize the hazards described here, the foUoAving suggestions 
are made regarding the teelmique of the bronchoscopic treatment: Little or no 
anesthesia shoidd be employed. If the administi’ation of IVi pheno- 

barbital before the operation should not suffice, a 2 per cent solution of pantocain 
may be sprayed into the pharynix. Sodium pentothal is kept in readmess 
for intravenous use should there be signs of nitolerance to the local anesthetic. 
Before the bronchoscopy, one-half of a 3% gr. ampule of aminophyUin is given 
intravenously and %o c.c. of 1:1,000 epinephrine, subcutaneously, in order to 
decrease bronchospasm. Another one-half ampule of aminophyUin is held m 
readiness for administration duiing the operation should the bronehospasm 
remain excessive. Oxygen is continuously administered throughout the proce¬ 
dure. Saline solution is injected through the bronchoscope if the mucus is 
difficult to remove through aspiration. Only if necessitated by persistent 
bronchospa.sm, 0.1 c.c. of a 1;1,000 solution of epinephrine admixed to 30 e.c. 
of saline is instiUed into the bronchi. Larger doses may lead to unpleasant re 
tions from the phamiacologic action of the drag. 

Before the bronchoscopy, an effort is made to detennine by both histoip^ 
and intradermal slrin tests whether or not sensitivity to penicillin exists. i 
had been given, previously, it should be kept in mind that the optimal time 
interval duiing Avliich sensitization develops is between two to five weeks, n 
spite of the fact that its previous administration produced no iU 
tivity to the drug should be reckoned with. A dose of 100,000 units in c.c. 
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ol snlino is introduced tlirough tlic lironchoscopy if warrantwi by the presence 
ot marked inflammation o£ tlio broncliial mucosa. 

SU.UMAKY 

1. The cliie£ indication for bronehoscopic therapy in broncliial asthma is 
the state of emergency which arises from the patient’s inability to expel the 
chametoristic tliiek, tenacious mucus which might lead to aaphj-xiation. In a 
moribund asthmatie patient, therefore, bronchoscopy is as obligatory a proce¬ 
dure as the removal of a foreign body from n bronchus or a tracheotomy in a 
patient about to bceomc asphyxiated from diphtheria. 

2. Other purposes of bronehoscopic treatment are the breaking up of a 
chronic .state of asthma regardless ot its severity, the relief of atelectasis, 
the dilatation of cicatrieiat bronehostrieturc, and, oecasionally, the relief of 
bronchiectasis in asthmatic individuals. 

3. This treatment is contraindicnfeit in asthma ot short duration, in 
asthma as.soeiatcd with allergic shock, and in other instances where there is 
no clinical evidence of mucous plugs. 

4. The main hazards in bronchoscopy are sensitivity to, and intolerance 
ot, ancsthotioa and medications administered before and after bronchoscopy, 
as well ns medieatioius introduced cndobronehinlly. For this reason, little or 
no anesthesia is used, and only saline solution is employed for lavage of the 
bronchial tree. 

6. Introdnetiou of antibiotics into the bronchi may be desirable if in¬ 
fection is the dominant cause of the attacks. However, they should bo used 
very judiciotusly and an attempt should be made to avoid reactions from sensi¬ 
tivity to them. 
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BULLOUS EMPHYSEI^IA 
Case Beport 

I\IiLTON Sills Lloyd, M.D. 

New York, N. Y. 

I N THE entire field of chest diseases, there is no diagnostic entity withm wliicli 
there is more confusion than the group of pathologic states variously placed 
under the heading of “Pulmonar}’' Emphysema.” On a few points, however, 
there is some agreement, viz.: 

1, Large air cysts seen in children are generally looked upon as 
congenital. 

2. The development of bullous emphysema is, necessarily, preceded 
by the loss, quantitative or qualitative (or both), of the elastic tissue 
of the lung. 

3. Once bullous emphysema has developed, the pathologic change 
is permanent and irreversible. 

The reason for this continued confusion is, no doubt, that bullous emphysema 
is nearly always seen in its end stages and the etiology, origin, and development 
can be only deduced or surmised. 

Early diagnosis, based upon signs or symptoms, is impossible and can occur 
only as an accidental finding when radiography is used routinely or for the 
study of some coexisting or underlying condition. The wi’iter believes that 
cases discovered in this way should be reported because of the valuable light 
which they may throw upon this morbid state. Such a case is presented below, 
in which etiologj^ origin, development, sjmiptomatology, and disappearance are 
all recorded. This patient has also been observed for a period of ten years (from 
age 2 to age 12 years) which pro\ddes the necessary time intervml to test tie 
stability of the restored lung under normal livdng conditions. There has leen 

no recurrence. . . 

The clinical stoiy, in this case, is factual. It is contrarj'^ to many existing 
beliefs. The purpose of this paper, however, is not to discuss or reconcile nei 
gent opinions, but to let the record speak for itself. 


CASE REPORT 

W. B. vas a -white male infant, 2 years old. Two months prior to admission 
tal, the patient developed chicken pox, followed by measles. The measles was comp c 
bj' pneumonia and empyema on the left side. For one week prior to admission, 
suffered from rtolent fits of coughing, accompanied b3’ dyspnea, due to the large am^ 
of mucopurulent material in the bronchial tree. On admission to hospital on i ar^ 
1938, the temperature was 103.2° F., pulse 160, respirations 48. The patient 
tress, -with moderate cyanosis. On phj’sical examination, there were dullness an 
of breath sounds over the entire left side and rftles were present in the rig 
both anterior, and posterior. There was a purulent discharge from the rig 
red blood cells numbered 4,080,000; white blood cells, 24,000 with a predomma 
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morphonuclear*. Other fimlings vforo noncontributorj*. An x-ray film of the choBt (Fig. 1) 
flhowo<l a mQ«»lvo empyema on the loft aide with displacement of the lieart to tho right 
and an area of coasolldcvtlon in the right upper lobe. On, tho day following admlaalon, 100 
C.C. of straw-colored llt^uld were removed from the loft pleural cavity, from which Iiemo- 
lytic streptococou* was obtained on culture. AsplratiouH were repeated on several occa- 
filona and one iMsrfonnod on Ai^ril 5 yicldetl greenish pus. The patient was given general 
supportive treatment, including transfusions. lie contitiuod to bo dysjmeio, however, and 
to cough violently, expectorating pundent material similar to that obtained from the 
pleural cavity. On April 21, the second x-rny llliii of the chest was made (Fig. 2). This 

KlfT. 1, Flp. 2. 





KJg. 4 . 


view of the cheat token on Mnech 28. 1918, ahoninff imuslvo 
m oma of corwoUflotion in the right upper lobe, 

irronni?.!. .T—Fostoroanterior view of the chest token on April 21, 1988, showing tension 
hfch resolution of the previously consolidated srcR in the right upper, with 

"icn ught over Its central portion. 

eYr»«f?5‘ ^-r-Fosteroanterior view of the chest taken on 4tsy 12, 1918, sbowlng partial re- 
down '^he high light shown In j jg now a definite air sac extending 

uown to the fourth antortor rib. 

taken on_ Jime 15, 1988. The circular outline of the air 

^t*l 


534 


THE JOURNAL OP THORACIC SURGERY 


demonstrated a tension pyopneumothorax on the left, total atelectasis of the left lung, 
displacement of the mediastinum to the right and an irregular high light in the area 
previousl}' showing a consolidation on the right side. 

I first saw this patient in consultation on April 27, at which time a diagnosis of 
bronchopleural fistula with check-valve mechanism on the left side was made and im¬ 
mediate drainage of the emp 3 'ema was recommended. A thoracotomy with intercostal 
catheter drainage was performed on April 29 by the surgeon on service. There was some 

Fig. 5. Fig. 6. 



Fig. 7. 


Fig. 8. 


Fig. 5.—Posteroanterlor view of tlie cheat taken on June 22, 1938. 7° ,51'right 

the air'cyst has reached Its maximum size from apex to fifth anterior rib, with the enii 
lung crowded do\vn upon the dlaphragrm. ranee 

Fig. 6.—Posteroanterlor exposure of the chest made on Sept 2, 1988. The dlMPPM 
of cough has been followed by resorption of air In the sac and partial return oi u 
lung to normal. , 

Fig. 7.—Posteroanterlor view of the chest taken on Nov. 25, 1939. A*1 ljuig 

previously existing emphj-sema has disappeared. Note normal markings In the upp 
field right -.pj. ^e- 

TTie. 8.—Posteroanterlor view of the chest taken on June 2, 1948, ten y^ra 
coverj-. Although the patient has had some "colds” since that T^tne, there Is ' right 
emphysema In the right lung. Again, normal lung markings are clearly seen over tne 

upper chest 
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relief following thi« procc<lurc, but dmlnngo proved iondequnto nnd tbo patient puffered 
a return of dyfption and violent dtK of rongliing and expectoration. The drainage tube 
rcQuirod rolnj^ertion on two or three oeeaalona. A third x-ray film (Fig. 3), taken on 
May 12, demonstrated a residual empyema ou the left with partial re^xpanaion of the left 
lung, shifting of the nicdinstinum to Its normal position and a large air sac in the upper 
part of the right lung. A second thorneotomy wna then performed by the piirgeon who 
had taken over service on May I, with the Insertion of a larger catheter In the sixth 
intercostal space, mid-axillary line. Agnin, icnipomry relief was afforded, but cough of 
considerable severity, wUh the oxpectomtion of punilont material, continued and, by the 
beginning of June, dyspnea had again developed. A lateral view of the chest (Fig. 4), 
<late(l June Ifi, shown n clear outline of the dcv4doplng air cyst on the right with a fluid 
level on the left posterior costal gutter. The patient was transferred to niy care on June 
10. The drainage site wns changeil to the eighth Inloreostal sjmeo In the scapular line, 
nitU water senl hook-up. Fig. G, n roentgenogram of the chest tnken on June £2, showed a 
ronsidcmble enlargement In the nir sae on the right in spite of a satisfactory dinilnution 
in the severity of the eough. 

From this jKiint onward, the patient made uniform progress toward recovery. He 
was discharged and referred to the out]mtient department for follow-up on Aug. 8, 1038. 
A check-up x-ray ftln\ (Fig. (i) was taken on Sept, 2, 1038, after injection of Llpiodol Into 
the residual sinus. The air cyst in thin examinntion was rnluceil to about one-third of 
its pre\ious volume. The patient mis kept under ol>sermlion nnd a follow-np x-my picture 
of the chest was taken on .Tan. 2G, 10.19 (Fig. 7), which showed complete re-expnnslon of 
the left lung nnd complete resorption of the air In the cystic formation on the right side. 

A recent roentgenogram (Fig. 8) taken on Juno 2, 1048, ton years after the first ill- 
ness, demonstrated a chest of normal appearance. Particularly notable is the distribution 
of lung markings in the right apical region over the original site of the air cyst 

RUMJfARY A.ND CONCLUSIONS 

A casQ of bullous cmphyscinn of the right lung is repoHod, in which etiology’, 
development, clinical course, disapponraneo, and ten-yenr foUow-up nro nil 
recorded. 

Obsen'ntions in this ease arc at variance witli ninny of the nccepted opin¬ 
ions on Utc disease. A study of the facts presented should, therefore, be of value. 
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EXPERIMENTAL OBSERVATIONS ON EMBOLISM OP PULMONAEY 

LOBAR ARTERIES 

Masauki Hara, M.D., and John R. Smith, M.D. 

St. Louis, Mo. 

B ecause of the elmical importance of pulmonary embolism, experimental 
study of obstruction of the pulmonary arterial system has received wide 
attention. Many of these studies have been concerned particularly with altered 
eardiorespiratoi-y dynamics and sudden death. Such observations have been 
extensively reviewed in the past.*'^ 

It is self-evident that simple external compression of the pulmonary arterial 
circuit may produce cintical cireulatoiy block. Haggart and Walkert and 
others® have showoi that reduction of 60 per cent or more of the pulmonary 
arterial circulation (by arterial comiiression) produced a rise of pulmonary 
arterial blood pressure and a critical decrease in blood flow through the lungs. 
It is evident also that internal obstruction of the ’pulmonary arteries, by 
thrombotic or foreign body emboli, may cause marked impedence of pulmonary 
flow, and death.^’^ On the other-hand, some w-orkei-s have postulated that 
intense eardiopuLraonaiy reflexes are invoked by lung embolism, and that 
sudden circulatory failure maj^ result from general arterial constriction 
(“spasm”) of the pulmonary^ vascular bed.'*’ The postulate is based upon 
e'videuce that embolic occlusion may cause a shai’p rise in pulmonai’}’- arterial 
tension, a faU in cardiac output, bradycardia, dyspnea, and tachypnea, vith 
marked distention of the right cardiac ventricle and engorgement of the systemic 
veins. Furihennore, these phenomena have occurred mth large or small em¬ 
bolic bodies to the lungs.'* Some evidence has been presented'*’ to suggest 
that puhnonai’j’ vascular spasm occurs with very minute embolization of the 
“capillary” or “precapillary” pulmonary bed. Unfortunately, many of the 
earlier studies entailed the release of foreign bodies from a peripheral vein 
pennittuig random embolization of the lungs. From the descriptions of such 
experiments it is frequently difficult to judge 'n'hether the circulatoiy and re- 
spiratoiy effects resulted from mechanical vascular block or from “reflexes 
involving pulmonaiy vascular spasm and peripheral vasodepressor responses. 

A step toward more adequate control of effects produced by larger lung 
emboli is foimd in the w’ork of Hall and Ettinger.*- Using dogs, they noted 
that occlusion of the large pulmonary arteries hy balloons, or other objects, 
produced no notable cardiodynaraic effects. Furthermore, electrical or mechan¬ 
ical stimulation of the intimal surfaces of these vessels were likewise without 
significant effect. Their studies indicate that reflex mechanisms are, not pro 
duced from emboli lodged in the large pulmonaiy arteries. 

Because of the imiiortauce of studying the effects of embolization of t le 
secondary, tertiarjq and finer arteries of the' pulmonary sy’stem the follovnUo 
groups of experiments were performed. 

From the Surgical Service, s't. Louis City Hosultal, and the Cardiovascular Dh Islo 
Department of Medicine. "Washington University School of Medicine. Markle 

This -a-ork was performed under a grant-In-ald from the John and Marj 
Foundation. 
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METHOD 

Dogs of 10 to 15. kilogrnina in weight were micslhotizcd with sodium pento- 
liarliitnl. The tliomccs were opened hy n tTansA'ersc incision enlniling removal 
of the third rib, and positive presauit! i-cspiration was applied. Systemic blood 
pressure wn.s reconlcd liy canalizing n eonimon enietid arterj' using an optical 
or mercurj- manometer. Pulmonarj- arterial tension was conveniently measured 
hy canalizing a branch of the right upper lobar ])ulmonnrj- arterj' and using a 
manometer of choice. All of the animals were heparinized. Under these con¬ 
ditions, the pulmonarv- arterial blooil pressure ranged between 25 and 15 mm. 
Hg systolic, and 10 and 5 diastolic. The pressure figures are somewhat lower 
than those frequently recoiTlcd in dogs with closed thomecs,”' “ but they are 
within the limits of normal. 

The following jirocedures were undertaken to study the effects of largo 
emboli to the lungs: 

1. Balloons made of ouc-<iuartcr inch Penrose drain were attached to the 
ends of No. 8 French urethral catheters, using a specially derised balloon at- 
tachmeut. The dorico was inserted through a puncture incision in the anterior 
wall of the main pidmonarj- artery, and the halloou was pushed to a lobar artcrj' 
of choice in either lung. The catheter was secured by a purse-string suture to 
jirevent leakage. Tntlatiou of the balloon could then lie carried out to any given 
pressure using a conventional mercuiy manometer. 

In order to embolize secondary arterial bi-nuches more distally than could 
be rcaehed with the balloons, ordinary dried pea seeds were introduced singly 
into the pulmonarj' arteries through an incision in the right atrial appendage 
and were permitted to embolize the puhnonaiw arterial branches at random. A 
sufficient number of seeds were iutroduccrl, one at a time, to produce elevation 
of piUmonarj- pressure. The c.spcrimont wia terminated at any given time. 

In addition, “long cmlioli’’ were utilized to occlude and distend a secondarj’ 
vessel more nearly over its entire length. Pour na\'j’ beans were threaded to¬ 
gether by piercing them with a darning needle and thread, prordding an em¬ 
bolus which was flexible and 3 to 4 cm. in length. The bean string could bo 
conveniently introduced through a right atrial incision, and could be guided 
by digital pressure into the right or left pulmonary branches and thence into 
a secondaiy vessel. Position of the string was verified by autopsy after dispatch 
of the animals. 

2. Distention, untlwnt ocdiision, of secondary pulmonary arteries was ac¬ 
complished by use of an instrument similar to that of Hall and Ettingori’ and 
of Jlegilxiw and associntes.’ Our instrument (see Pig. 1) was of small size 
and of sufllcicnt flexibility to be easily inserted into a lobar artery. Insertion 
of the device was through a puncture in the anterior wall of the main pul¬ 
monary artery' utilizing the techrrique for the introduction of the catheter- 
balloon instrument. 

3. Obstirretion of the finer distal branches of the pulmonary arteries, using 
small foreign bodies, was accomplished by irrsertion of a No. 8 French urethral 
catheter into a lobar vessel. Foieign bodies of gloss beads (1 nvm. in diameter) 
and poppy seeds (0.5 mm. in diameter) wore placed in the open ends of the 
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catheters; these bodies were washed into the artery by small draughts of phy¬ 
siologic saline solution until the lobar artery was firmly impacted. 

The occurrence of marked, generalized pulmonarj^ vascular constric¬ 
tion®- from small emboli is thought to be reflected in a sharp rise of pul¬ 

monary arterial tension, a fall of systemic blood pressure, with dyspnea, tachyp¬ 
nea,® and bradycardia. These physiologic responses Avere regarded as the im¬ 
portant criteria in these experiments. Accordingly, the carotid arterial and 

A. 




Fig. 1.—Photograplis of the spreading InsU’ument; A, Showing sprwdlng pro 6 
traeted: B, with prongs released. The Instrument, made from a camera cable to 

Ible, permitting Introduction Into pulmonarj- arterj' directly, and easy steel 

lobar arteries of choice. Flexible cable Is 33 cm. long; diameter 3 mm.; the fine spring 
prongs are 23 mm. In length, having a small knob at each tip to prevent tearing oi 
and piercing of vessel wall. 

pulmonary arterial pressures and heart rate were frequently recorded. 
these open-chest preparations, respiratory effort could not be accurately eva 
uated, although it was possible to note movements of the thoracic wall during 
severe dj'spnea. 
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RESULTS 

Effect of OccUisim^ and Distention of the Lolrnr I’ulmoiutrij Arteries .— 
WitJi the enthcler ami iinindnted balloon placed in a lobar artorj-, no ehnnges 
in heart rate nor piilmoimn- niul systemic nrlerinl pi'essiires occurred. Subse- 
(lueiit inflation of the balloon likewise produced no changes in cardiovascular 
djiinmics, and no evident respiratory cffoiT. Tlie.se negative effeets upon the 
dj-namics of the circulntion pci-sislcd witli inilaling jircssurcs ns Iiigh ns 150 to 
300 mm. Ilg. It was notable that with intlation of tlie balloons to 50 mm. llg 
or more, the vessel wall, containing the .sue, could be seen to be markedly dis¬ 
tended. nowevor, if the indnted balloon was placed in either the left or right 
niain pulmonarj’ artery, eliminating the circulation to one lung, a transient rise 
of pulmonary arterial tension (mean ri.se of 10 mm. Ilg) and n deerenso in 
systemic blood piessurc (mean fall of 20 mm. llg) occurtesl. The iirevions 
pressure levels were restored in three to eight minutes and further ciieulntorj- 
changes were not noted with conlinucil internal occlusion of a main artery. 
These findings were consistent in nine cspcriincnts performed on nine animals. 



A 
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2.—Skotcliea of the approxfmaio po^Jtloru* of foreign botlleji used ns embolL .4 sJiows 
^ith balloon occupying left mlOtHo lobe niterj*. The distended balloon causes marked 
fh ^ 1 ^ of the vessel wall. Point of Incision of the nmln pulmonarj’ artery through which 
fwii. m *8 Inserted Is market! by tho hcaN-y* arrow, D show* position of string of four beans 
twiuaing and distending a pvilnionary lobar arterj-. In neither case were cardiovascular 
jTiamics Hltered by those foreign bodies (see text). 


The results of emlmlism of lobar nrlorics with suiglc or multiple pea seed 
emboli were conflrmntorj’ of tho findings of otlicv investigators.’’ ”■ ” In 

five oximriments perfonned on five dogs, single occlusion of a lobar vessel by 
one seed produced no cnrdiocireidatoiy changes. Such a lack of I’csponso might 
Ix! anticipated from the similar lack of response with introdnotiou and inflation 
of a balloon. Similarlj, tho introduction of fot or five additional pea seeds 
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provoked no cardiovascular responses. However, it was invariably found tlmt, 
when the positions of the pea emboli were detemiined by palpation the seeds 
had passed to only tivo or three of the lobar arteries and that each of embobzed 
arteries contained one or more of the seeds. Therefore, critical mechanical block 
of the pulmonary arterial system did not occur and blood flowed freely to the 
remaining lung lobes. No changes in cardiocirculatoiy function were noted. 
Furthermore, embolization of a lobar artery with the flexible bean strings af¬ 
fected no demonstrable changes in cardiovascular performance although the 
vessel was occluded and distended over much of its length. The latter was 
noted in five experiments. 

Diste7dion and Mechanical Intimal SUmulaiion of Pidmonarij Lobar Arter¬ 
ies. —In four experiments on four dogs, passage of the instrument for distend¬ 
ing the lobar arterial walls provoked no circulatory or respiratoiy effects. Re¬ 
lease of the spreading prongs caused marked visible distention of the vessel 
walls; however, no changes in tension in the greater or lesser circulations, nor 
in heai't rate, w’ere observed. Purtheianorc the spreading instrument Avas manip¬ 
ulated longitudinally tlirough various of the arteries to provide .sharp mechanical 
irritation of the intimal surface. This procedure likewise evoked no altera¬ 
tions in circulatory dynamics. 

Embolization of Smaller Vessels of the Pnlmonary Arterial System With 
Solid Foreign Bodies. —Since occlusion and distention by emboli of the main and 
lobar arteries did not produce appreciable effect upon circulatoiy djmamies, -the 
bead and poppy seed emboli to smaller vessels of the lungs were next utilized. 

In a series of five experiments on five animals, the glass beads (1 mm. in 
diameter), seventy to eighty in number, were introduced into the catheter,- 
twenty or thirty at a time, and propelled into the catheter and artery ly small 
quantities of saline solution. As the beads were being instilled, no measui'able 
effects on the greater or lesser circulations were detected. Following the pro¬ 
cedure, palpation of the lobar artery indicated that the beads Avere firnfly im¬ 
pacted in the vessel. Up to one hour folloAving implantation of tlie beads, no 
significant changes in systemic or pulmonary circulatoiy function occurred. 

In a similar group of five experiments, the same iirocedure Avas utilized Avith 
poppy seeds (Ca. 0.5 mm. in diameter) as the embolizing substance. These 
seeds were instilled to fill an entire lobar artery. Obstruction Avith these emboli 
evoked no changes in circulatory performance, the blood pressures and heart 
rate remaining unaltered. The lobar vessel of choice Avas distended and solidlj 
filled AAuth the foreign bodies. 


COHMENT 

The experimental evidence presented here indicates that neither distention 
nor occlusion of the main pulmonaiy arterial A-essels, nor of the lobar arteries, 
proA'okes recognizable reflex or significant mechanical alterations of cardioAmscu- 
lar d^mamics. The results are in general agreement Avith the findings of otheis. 
Hajmes and eo-Avorkei‘s’^ introduced balloons into the pulmonaiy arteries of dogs 
Avith closed thoraces; inflation of the balloons produced no significant changes 
of pulmonary or systemic blood pressures, heart rate, nor of electrocardiographic 
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pattern. Jlciidlon'itj!’ eotilil not explain ullenitioiis in cimilalon' ilynnmios ns 
reflexogenie cfTcets fiwn long (Icxible emboli of barinm-fllled robber tubing. 
Other investigntors"'’* Imve also noted that obstruction of the larger indmonni'y 
arteries using various types of foreign Imdy einlmli is usually not suddenly 
fatal unless \vidcs]iread lueehaideal block of the pubnonnry eiretdatioii occurs. 

It is further apparent fretu these exiieriments that oeclusiott of twigs of the 
imlnionarT.- lobar arterial system to the size of approximately hh mm. diameter 
produces no .significant cflcfUs uimn eardiovaseiilar mechanisms if the omlsilixa- 
tion is confined to one lobe and \videsi>rend meebanieal block thus avoided. 

It woidd stand to reason, therefore, that .sudden death or immediate distor¬ 
tion of enrdiovasetdar function may not be likely to occur folloa'ing cmlmli to 
the larger lobar vessel systems unle.ss critical mc<‘hanienl obstruction is estab¬ 
lished. Ilowever, it has been found' - tbat death in experimental animals may 
occur several hours after a large luilmonary endiolism hits been sustainerl. Un¬ 
der these conditions the meehnnism of ileath is not clear. Ilcgilmw, Kata, and 
Stoinitz’ suggested that thrombi may l>e genenited by large emlmli which arc 
then iiroiiogatod or disseminated to other parts of the lung arterial system. The 
evidence advmieed by Haynes and associates," suggesting that capillary or pre- 
cnpillarj' embolization may eaust* violent acute reflex cardiod.vnamie effects, 
raises the possibility that following obstruction of large arteries, the finest ves¬ 
sels become occluded, i)Ossibly by iniliarr- fragmentation of thrombi originating 
from such major pulmonary emlmli, 

Sl'MMARV 

A study is iiresented concerning experimental luilmonnry embolism, using 
cmlxtli of various size and shape to the sreondan- and smaller branches of the 
pulmouarj’ arterial system. It was found that olwtruction of lobar arteries 
themselves and of the finer lobar vessel twigs (to 0..5 mm. in diameter) produce 
no immediate significant changes in cardioeireulntorr- d.miamics. It was further 
demonstrated that meehnuical irritation of the lobar vessels, and extreme dis¬ 
tention of these ves-sols without occluding them, likewise had no immediate ef¬ 
fect upon the cireiilatoiy mechanisms. The conclusion seems justified that 
major pubnonarj- cmbolLsm docs not produce acute cardiopulmonary effects if 
critical mechanical obstniction of tho lung circuit is avoided. 
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A SCALE FOR RAPID JIEASUREJIENT OP BLOOD 

Avnicn IS LOST in surgical sponges 


Robert E. Gross, M.D. 

Boston, JIass. 

I N EXTENSIVE opcrntions where blood loss is grcRl, it is possible to keep 
mnny pnlionls in n safe condition by viewing the nmount of blood lost in the 
field, keeping count of the pulse nnd blood invasuro, nnd replacing blood in 
amounts which appear to keep the individual on a reasonably satisfactorj- plane. 
Vniile such haphazard methods arc sufllcicnl in most instances, it is widely 
recognized that fatalities or serious complication.s can result when replacement 
therapy is inadequately guided. If too much blood is infused the cardiovascular 
apparatus may be embarrassed or the heart may fail; if too little blood is 
given, the patient may develop .serious or even fatal shock. Visual impressions 
of the amount of blood which is lost in an operative field may be quite inac¬ 
curate, and the excellent studies of Buddington nnd Taylor,' Sliller, Giblmn, 
and Allhrittcn,= and tVangensteen’ have showm by accurate measurements that 
the loss from a patient is often much greater than had l)ccn expected. It is 
not practical to conduct accurate studies of hemoglobin loss during all cases of 
major surgerj". However, when blootl loss is high it is desirable to have some 
rough method for guiding the intravenous infusions. For this purpose. Dr. 
Alexander H, Bill, Jr., nnd I have reconstructed a scale on which it is possible 
to weigh sponges after they have been discarded from the field and to determine 
rapidly the amount of blood which they contain. 

In the operative field only dry sponges are employed; these are of a 
standard, commercial variety which uniformly weigh 8 Qm. Pads arc likewise 
inserted diy; they uniformly weigh 40 Gm. (the equivalent of five sponges). 
Since the sponges and the pads have uniform size, it is unnecessarj' to weigh 
them before they enter the surgical kit. Using sponges of uniform size makes 
it possible to employ a weighing scale which is fitted with a rapidly adjustable 
device which can quickly compensate for the number of sponges which are 
lieing weighed. Turning this adjustment will allow the scale pointer to indicate 
directly the number of grams (or cubic centimeters) of blood contained in the 
soiled sponges. 

The scale (Pig. 1) has been remodeled from an ordinary dietetic scale.* 
It has a dial face which can be turned. The outer rim (1 cm. wide) of this 
dial has been marked off at intervals of each 8 Gm. (the weight of dry sponges); 
these markbigs are made in a countcrelockwiso direction. The body of the 
instrument is fitted irith a plate enriying the legend “number of sponges” 
snd a central areow which lies above the lim of the turuable dial face. The 
platform of the scale has flnuly attached to it a imn which will receive the 
sponges. 

torv lOe Sunrical Service of The Chlldrcn'e Modlcel Center and the Department of Enr- 

'VT Of the Harvard Medical School. 

Received for publlaiUon Oct. IS. ISIS. 

'Manufactured by tlio noneon Scalo Company of CliIcoEO. 
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Fig. 1.—Scale for weighing sponges which contain blood. The entire face dial can be rotated 
around the shaft of the central, main pointer. 



Pig. 2.—The weighing scale in use. Ten blood-soaked sponges have been 'the 

for weighing. With a finger, tlie face dial is rotated so the ^ntaln 62 c.c. 

arrow at the top. The main, central pointer directly indicates that tte __pg j 

of blood. (Turning the face dial automatically discounts the weight of ten ar> spo g 




onoss: SCALK rOB JlFwVSUREllENT OF BLOOD LOST IN SURQICAL SPONGIS 5-15 

nuriiiK nn operntioii it Is the duty o£ the cii'culnting luirsc occaaionally to 
remove llio diseiirdccl B])onEC3 from llic floor bucket and Aveigli them on the 
scale whieh is ke])t on a side tnifle. ]f, for instance, ton sponges have been 
placed in the scale pan (Fig. 2), she simply tnnis the face dial so that the rim 
immlier comes to “10” opiiosite the aiTow at the top of tlio instrument. The 
pointci' hand of ihc itixlniiiictil trill then directly show (on the inner row of 
flumbers of the face, dial) the cubic cciitiiuctcrs of hlood in the sponges. These 
mnneuvois take but a few minutes, they mpiire no figuring on the part of the 
nurse, and they can be carried out in conjunction with her manifold other 
duties. 

It has been my practice to have the circulating nurse keep a rough 
balance sheet. Each time a load of siiongca is weighed, tlic weight of the blood 
is added onto the record sheet. To determine the patient’s total blood loss at 
any given moment, it is possiiilo to glance at the bottom figure on this sheet 
and mentally add to it the amount of blood which ie.sides in the suction- 
appnratiw Imltle on the floor. Amounts of hlood which arc given intravenously 
arc also noted in an appropriate coluhm on the record sheet. This sjaitcm ac¬ 
complishes two purposes; First, it allows the circulating nurse to know how 
much is being tost so that she can replace blood in proper amounts without 
Imi-ing to receive instructions from the .surgeon or anesthetist who may lie 
hating his own difllcultics at some particularly critical moment. Second, it 
pemits the surgeon to call at any time for an accounting of the blood balance; 
he can lie told instantly iiow much has been lost and how mncli has lieen 
replaced. The gcncrot method obvioitsly has inaccuracies and it does not ac¬ 
count for blood which resides on the drapes, blood which is removed in an 
c.scisod organ such ns a lung, etc. But for practical purposes it is accurate 
cnougli; the measured loss indicates the ininimvm amount of blood which must 
lie replaced. As a rule somewhat larger amounts arc ndministerod, depending 
upon the sisc of the patient, the length of the o]>erntion, etc. 

This weighing scale was designed for use during operations on coarctation 
of the aorta. Blood loss from the aorta itself is usually nil or inconseciuential, 
but there may be an astounding leakage from the transected chest wall which 
has an extremely rich collateral bed in ino.st cases. Largo subjects can lose 
1,000 to 2,000 c.c. of blood, and iit rare instances the figure may lie liigher. 
Under such circumstances it Is es.scntial to have some simple and rapid method 
to guide the replacement therapy and keep it within safe limits. For this 
purpose the scale heroin deseribed serves admirably. The implement obviously 
law uses in other fields of surgerv' where blood loss is apt to lie high and where 
tile use of dry sponges is not object ionahlo. 
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RELATIVE EFFECTIVENESS OF PARENTERAL, INTRATRACHEAL, 
AND AEROSOL PENHCILLIN IN CHRONIC SUPPURATIVE 
DISEASE OP THE LUNG 


Edward A. Gaensler, M.D.,* John P. Beakey, M.D.,t and 
jMaurice S. Segal, M.D4 
Boston, j\Liss. 


D irect medication of tlae lung Fas been practiced for many centuries. 

Witb the advent of effective parenteral and oral medication, interest in 
this tjTje of therapy declined. It was only when certain specific diseases of the 
lung failed to respond that interest in intratracheal and aerosol therapy was re¬ 
vived. As early as 1920, 'Wintemitz and Smith,^ in their book on the pathology 
of war-gas poisoning, demonstrated the inadequacy of general intravascular 
therapy in the management of lung damage following chlorine and phosgene 
inhalation, for parenteral therapy did not reach the necrotic, and thereby 
devascularized, puhnonaiy epithelium. In asthmatics, the epinephriue-fast 
state observed with parenteral therapy was frequently overcome by the use 
of aerosolized preparations of that drug. It was, however, not until the intro¬ 
duction of chemotherapeutic and biotherapeutic agents tliat aerosol therapy 
began to assume greater importance in the clinician's annamentarirmi. 

In spite of the widespread use and acceptance of aerosol therapy, several 
of the basic principles have not been investigated or have been only briefly 
discussed in the literature. The pharTnacodynamics of absorption from the 
normal lung was reported in a previous study.® PenicrUin in sahne solution 
was administered to normal male volunteers. One hundred thousand umts of 
crystalline penicillin G potassium were given parenteraUy, intratracheally, and 
by aerosol. It was shown that, although the peniciUin molecule is readily ab¬ 
sorbed into the blood stream from the alveoli, this absorption was notably 
slower than that following parenteral administration. Blood levels following 
intratracheal administration did not reach the early high peaks regularly seen 
with intramuscular injection, but therapetitically significant blood levels were 
maintained for twice as long a period of time. The more proloirged retention 
of penicillin Avithin the body foUoAving intratracheal injection w^as fm’thei 
confir-med by the longer urinary excretion. It was shown that aerosolized 
penicillin solution resulted in blood levels nearly as high as those obtained bj 
intratracheal administi’atioir, but persisted for only one-third as long. From 
comparison of the total urinary excretions of these Uvo methods, it was pos¬ 
sible to calculate the efficiency of the areosol method. Approximately 3o 
per cent of the aerosolized solution Avas shoAAur to be absorbed by the pnl 
monary epitheliunr. 
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In ti related study,’ the cfTect oi A'nrions other diluents, as eoinparcd to 
saline, was reported. Neosj-nephrin and epinephrine, hronchovasoeonstriotors, 
caused higher initial blood levels and the thernpeutie range compared favor¬ 
ably with saline ns diluent. No irritation of the bronchial tree was en¬ 
countered and there appears to be no contraindication to such diluents for 
penicillin when their actions on the bronchial tree are indicated. Tricthylenc 
glycol and chlorophyll were found to be irritating despite topical anesthesia 
and no enhancement of penicillin acth-ity Avns noted. These diluents do not 
appear to be indicated for intratracheal administration hut aerosolized chloro¬ 
phyll may have a beneficial effect ns a diluent for penicillin in the presence 
of mixed gram-positive and gram-negative infection. Human scrum did not 
alter the absorption pattern and iodized oils os vehicles for penicillin powder 
were discussed. 

The relative cffectivene.ss of many types of apparatus used to produce 
aerosols is dilTleult to evaluate. In another study of this scries,’ a critical 
evaluation of eleven of the moat common types of aerosol nppnrntiLs was made. 
The highest and most consistently sustained blood levels were obtained when 
the Vnponefrin nebulizer was modified to include robreathing with humidifica¬ 
tion. Methods for the management of the nnconseious patient were dcsciibcd, 
and it was shown that satisfactory blood levels and urinary excretions can bo 
obtained in such a patient. 

The pharmacodynamics of absorption from the lung, the influence of 
various diluents other than saline, and the best apparatus for tlie administra¬ 
tion of such solutions by inhalation were thus established. It then remained 
to investigate the efieet, if any, which pathologic conditions of the lung may 
have on fluid exchange from alveoli into the blood stream and vice versa. 
It is not possible in normal voUmteers to establish how much of parentei’nlly 
administererf penicillin roaches the lung. Only in the presence of sputiun is ma- 
tenal available for evaluating the amount of active agent which reaches the 
site of pathology. Furthermore, since blood flow is reported to be decreased 
to portions of lung which arc diseased, data concerning the value of parenteral 
penicillin obtained in normal subjects would not be applicable where abnormal 
conditions are present. 

Volhard introduced the intratracheal tube to medical therapeutics and 
Meltzer and Auer* first made e.xtensivc use of it not only for intratracheal 
insufflation of gases hut also for introduction of various solid and liquid sub¬ 
stances into the bronclii. As early as 1894, Ribbert” described the deficient 
blood supply of the late inflammatory lesions of the lung. The demonstration 
of the ineffectiveness of intravascular therapy, because of impaired circula¬ 
tion in the late pneumonic lung, contrasted sharply with the dense impregna¬ 
tion of exudate in such lung by dye injected intrabronchially.'' Direct med¬ 
ication of this organ was thus suggested ns an ellleient therapeutic route. 
World TVar I interrupted these studies, but in 1920 interest again centered 
on intratracheal ndrninistrntion for the treatment of war-gas poisoning. Wiii- 
leniltK and Smith’ studied the effects of pulmonary irrigation and intra¬ 
tracheal medication in the treatment of such poisoning. They demonstrated 
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the relative rapidity -with which physiologic salt solution was absorbed fi'om 
lungs of normal dogs after intratracheal insufflation. Small quantities, such 
as 30 to 50 C.C., disappeared within forty-eight to seventy-two houm. Admin¬ 
istration of phenolsulfonphthalein by various routes demonstrated an ap¬ 
preciably lower rate of absorption (two-hour recovery) following intrapul- 
monary administration (51.1 per cent) than obtained after intramuscular 
(72.5 percent) or intravenous (78 per cent) injection. 

Acute inflammatory disorders, such as pneumonia, acute bronchitis, or 
acute lung abscess, ceased to be major therapeutic problems with the discov¬ 
ery of chemotherapeutic agents. The failure of chronic, purulent, no'ntubercu- 
lous disorders of the lung to respond to parenteral administration of these 
agents was observed relatively earljL Interest in aerosol and, to a lesser ex¬ 
tent, intratracheal therapy was, therefore, stimulated. The wealth of clinical 
evidence for successful aerosol management of various suppurative disorders 
of the lung quickly and firmly entrenched this mode of therapy in the man¬ 
agement of such diseases.®’ 

Intratracheal therapy has also been described, but no critical, clinical 
evaluation has been made. There have been relatively few laboratoiy dem¬ 
onstrations of the efficacy of such direct medication to the lungs. White and 
associates,in their extensive stud}’- on the prevention of postoperative 
empyema following lung resection, demonstrated complete absence of peni¬ 
cillin in the bronchial secretions of two patients who received prolonged intra¬ 
muscular therapy. Bobro-mtz and co-workers’^ assayed several samples of 
sputum folio-wing intramuscular administration and could demonstrate only 
slight penicillin activity in one sputum on only one occasion. 

Intratracheal therapy has not had extensive clinical use. Endoscopic 


insufflation of powdered sulfonamides achieved relatively good results as com¬ 
pared to parenteral therapy when used alone.’-’’ ” It appeared, however, that 
the chief benefit obtained was the reduction of granulation tissue and con¬ 
sequent reduced bleeding tendency. The instillation of liquid sulfonamides 
has been attempted but found to be large ineffective because of inactivation 
by para-aminobenzoic acid present in the pus. May and Flo}’ei’” were the 
first to describe the treatment of broncliiectasis with intratracheal instillation 


of penicillin. Under Decieain transcricoid topical anesthesia, 10,000 units of 
penicillin in 5 to 8 c.c. of water were injected through the cricoid cartilage. 
Twelve hours later, 10 to 100 units of penicillin per c.c. of sputum were dem¬ 
onstrated. Penicillin actiA’ity was detectable in the sputum up to twenty- 
four hours. Kay and Mead” used this type of treatment by the indirect 
laryngoscopic method Avithout topical anesthema in ninety-three cases of 
chronic infections of the lung and bronchi. With a laryngeal cannula, they 
injected 250 to 50,000 units of penicillin during deep inspiration; patients, 
noted a taste of penicillin for several hours. Ulcerath’e tracheobronchitis an( 
minimal bronchiectasis responded A'-ery Avell. Moore and Thompson” nsec 
intrabronchial instillations of penicillin and sulfonamide solution in con¬ 
junction Avith bronchial laAmge Avith great benefit in a case of sevei’e bronchiec 
tasis. BobroAvitz and associates” clinically eompai’ed intratracheal, aeioso, 
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nnd intraniUHCulnr penicillin in twelve patients vnth broncliiectasiH. They 
noletl ninxiimnn benefit in four to six (In3'a after intrntraelioni ndminLstrntion 
of 100,000 to 150.000 nnits of iienieillin in 10 to 20 e.c. of saline twice a day 
with topical anestbesia. Several weeks were re(|uired before maximum benefit 
was nofetl with the aerosol nnd intramnseular route. The dosage aerosolized 
was inadequate, however. After intratraeheal ndmiuistration, high blood 
levels, a 90 per ecnt fotnl urinary excretion, ami eonsidcrable penicillin in the 
sputum were noted. Peuieillin was further demonstnited in the sputum for 
eight dnj's and in the unne for three daj’.s. I’siug only one-fourth to one- 
sixth as much penicillin diuly by the aerosol route, they were uevcrtheless 
ahlc to recover 19 units i)er e.e. from the sputum nnd 1.8 units per e.e. from the 
urine; oidy traecs of penieillin were detectable in the blood in two eases nnd 
none at all in three eases, tin the basis of these low blood eoneeiitrations thej’ 
concluded that not all aerostdized penieillin enlere<l the lungs. Alai’cou'* oh- 
tnined dramatic results in the treatment of lung alweess bj' brourhoscoi)ic nnd 
direct traeheni instillation of iienieillin. Topical use of peuieillin solutions 
has also been found beneficial in the treatment of traeheotomy wounds, the 
postlaryngcctomj’ state nnd acute laryngotracheobronchitis.’'' Administration 
under fluoroscopic eoutrol of penicillin suspended in henv}' iodized oil has 
been suggcstctl for the treatment of nbsce.ss envities,"' It appeared to us that 
rcpeate<l injection of a heavy oil in suppurative conditions of the lung is un- 
desimble. We have used a very thin, easilj- absorbed oil (Pnntopnquo) in 
similar fashion.* 

It is, therefore, clear that parenteral thernpj' alone Ls unsatisfactory in the 
chronic suppurative diseases of the lung. The failure of such chemo- and 
biolherapeutie agents may lie in their inability to reach the .site of the lesion. 

Having demonstrated the mode of ab.sorption of penicillin from the normal 
lung,’'* there now remain to be studied: II) the elTeet which the chronically 
diseased lung exerts on this alisorption mechanism, nnd (2) the penicillin 
enneentratiou in diseased iiortions of the lung following variorm methods of 
ndminiatmtiou. Patients with profu.se punileiit sputum were therefore se¬ 
lected nnd Were given the same amount of penieillin intramusoulnrly, eudo- 
tmchenlh’, nnd bj' aerosol. Tbe urinary nnd sputum excretion of penicillin 
as well ns the blood-level curves were then compared. 

AIETIIODS 

Patients Felectcil Itnd a confirmed dingnonia of eooio clironie punilent disorder of tlio 
tuiig nml raised a largo dally volume of sputum. Tlioae atudies do not represent an attempt 
at treatment or at clinical ov'aluution of tlio results of tiieso individual administrations of 
penicillin, Houtino therapy was resumeil after this sliort pericsl of study. Penicillin was 
admlnisterval intratraclieally tlirough a No. t-t Frencli urethral catheter following thorough 
anestlmsia of tjie truchcobronclilal tree with a dilute aolution of Pontocaino. The details of 
tills procedure as earriisl out liy us arc deserlliod elseivhero.* Tliis was ivell tolerated in all 
instances and no untoward reactions due to tho Poatocaine anesthesia were encountereil. Un- 

the normal volunteers of previous studies,=, s these imtients were encouragod to cough as 
*^ti ns possible after tho topical anesthesia had worn og. Cough and expectoration were usu- 
0 > resumed aiiout one-half hour after instillation. Blood ivas collcctotl at one-half and ono 
lour after administration and every hour thereafter for six to ten hours. Specimens of urino 
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aud sputum were collected one, two, four, six, and twentj’-four hours after administration of 
the penicillin. Sputum and urine were kept on ice during and after the period of collection. 
The routine was exactly the same when the intramuscular route was employed. For aero- 
solization the Vaponefrin nebulizer and an attached rubber rebreathing bag with humidifica¬ 
tion were used. Blood samples were collected for four hours; sputum and urine specimens 
were collected at the same time intervals following endotracheal administration. Penicillin 
assays were made by the Eammelkamp dilution method, 2 i the limitations and modifications 
of which we have previously discussed.^ 


CA13E HISTORIES AND RESULTS 


Case 1.-—T. M., a o9-yenr-old white laborer, was admitted to the Si.xth Mediwil Service, 
complaining of an almost uninterrupted productive cough for the past thirtj’ years folloiring 
a "bronchial catarrh." The sputum, most profuse in the early morning, was described as 
greenish yellow and occasionally foul smelling. Nine months ago, he first noted some short¬ 
ness of breath and one week ago he began to feel feverish, experienced mild chills, and noted 
a dull, steady pain in the right chest, radiating to the -back. For the past three days he had 
suffered from severe headache aud "catching" pain in the left chest, worse on coughing 
and on deep inspiration. 

Past history revealed a previous admission to this hospital nine moutlis before for lobar 
pneumonia, right middle and lower lobe, pneumococcus tj’pe 8, and chronic alcoholism vltli 
delirium tremens. The patient denied any other episodes of pneumonia or influenza, there 
were no recent weight loss, night sweats, or hemoptysis, and no family history of, or contact 
uith, tuberevdosis. Excessive alcohol consumption for many years was admitted. 

Physical examination revealed an elderly, well-nourished, well-developed wliite man in 
no acute distress. Temperature on admission was 99.6° F., blood pressure was 120 systolic 
and 70 diastolic, the pulse rate was 100 per minute and respiratory rate was 22 per minnte. 
There were bilateral immature cataracts, complete anodontia, and marked injection of the 
pharjm.x. Examination of the chest showed prolonged e.xpirations and sonorous rales tlirongh- 
out both lung fields. A friction rub was felt in the left axilla. Physical examination was 
otherwise u-ithin normal limits. 

Coarse.—Laboratory examination of the blood, urine, stool, and spinal fluid was normal, 
as were venous pressure, circulation time, and blood and spinal fluid serology. The sedi¬ 
mentation rate was elevated. The electrocardiogram showed left axis deviation. The pa¬ 
tient produced 400 to 800 c.c. of thick green sputum a day. Bacteriologic examination re¬ 
vealed alpha and beta hemolytic streptococci, Neisseria 'flava, and Micrococcus catarrlialis. 
Anaerobic culture did not contribute further. Eepeated sputum concentrates were negabve 
for acid-fast bacilli. 

Therapy consisted of intensive postural drainage, full doses of parenteral penicillin and 
aerosol therapy of 50,000 units of penicillin dissolved in 1 c.c. of 0.25 per cent Neosynephrin. 
Bronchoscopy revealed profuse purulent exudate arising principally from the right middle and 
left lower lobe orifices. Bronchography confirmed the diagnostic impression of bronchiectasa. 
There were advanced saccular involvement of the left lower and right middle lobes and lesser 
involvement of the lingular branch of the left upper lobe as weU as the right lower lobe. It 
was felt that the extent of the involvement, as well ns the patient’s age, precluded surgica 
treatment. 


On the thirty-seventh day, treatment was interrupted and on the thirty-ninth, forty first, 
and forty-third days, penicillin absorption studies were done ns outlined above. Previous therapy 
was then reinstituted. The patient became afebrile on the second hospital day and 
so throughout his two-month hospital course. Somewhat improved, he was then discharg o 
the care of a Veterans’ Facility. His cough at the time was still productive of 60 to 1-0 c.c. 
of odorless sputmn a day. 

Sesults .—(Table I and Fig. 1.) Blood-level curves foboulng intramuscular 
tiou reveal a quickly' reached peak of 1.25 units per c.c. of scrum followed by a rapid oc ^ 
Therapeutically' significant levels were maintained for four hours. Following cndotrociea 



Table L Tabulation or Blood, Urinx and SruTUU Le\'i:l8 op Penicilun Foixowino the .VuiUNisriLiTioN or 300,000 Units op Crystalline 
PETICILLIK Q IWASBIUil BT VARIOUS ROUTES IN FOUR CASES Or ClI^NIO SUPPUR-^TITE DISEASE OP TUB LUNO 
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administration, tlie peak readied was .08 unit per c.c. of serum which was maintained for 
two hours, the curve was much flatter and therapeutic levels were also maintained for four 
liours. After aerosol administration* a peak of 0.4 unit was reached after one-half hour 
but tills significant level was not maintained. Urinary excretions parallel these results. On 
intramuscular injection, the total excretion was 35 per cent, with a very high peak in the first 
hour. Only 6.6 per cent was excreted after endotracheal injection and it is interesting to 
note that more penicillin was excreted during the third and fourth hours than during the 
first and second hours. The total penicillin excretion, following aerosol administration, was 
1.7 per cent. 



No trace of penicillin was recovered from the sputum at any time folloinng intramus¬ 
cular injection. Intratracheal injection gave rise to 12,300 units in the sputum during the 
first hour and at the end of five hours there were still 180 units. An equal amount, 12,500 
units, was expectorated during the first hour following aerosol administration and at the end 
of three hours there were still 190 units per hour in the sputum. A total of 14.8 per cent nas 
expectorated following endotracheal administration and a total of 15.8 per cent foUomng 
aerosol administration. 


Case 2.—M. E., a 3S-year-old Italian salesman was admitted to the Thoracic Surgerj 
Service complaining of chest pain and productive cough. He had been entirely well until one 
year ago, when ho developed what was thought to be pneumonia and was treated at home for 
several weeks. His cough soon became productive of large quantities of foul sputum. A 
x-ray flbn at the time revealed a large cavity of the right upper lobe and he was admitt 
to the Sanatorium Division of the Boston City Hospital. During a three-month observation 
period all sputum cultures, guinea pig inoculations, and direct smears of concentrates were 
negative for acid-fast organisms. Follow-up chest plates showed the solitary cavity to be in 
creasing in size, and the quantity of sputum also had increased., A. diagnosis of chronic pnru 
lent lung abscess was made and the patient was referred to the Thoracic Surgerj' Service. 

' Physical examination revealed an emaciated man with an almost continuous profuscl}' 
productive cough. The only significant findings were those of the right lung which were in 
dicative of a cavity involving almost the entire organ. 
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Counr .—Neither the cough rrnd sputum, nor the low-gnidc fever were fnvombly in- 
flucnml by intciu'h'c postuml dmiungc, Jnrgo doj^ of pnronteral und oorosol penicillin nnil 
ftreptonuTliu Brouehofeopy dcmnnstmlc^l much pmnulntion tlwie and profuse purulent mn-i 
torial In the right nmin-stem bronehuB, Pnpanicolnou sraenr of the brouchinl nspimtions did! 
not show tumor cells and biopsy \nis negative. Tn spite of tliis, it was felt that the most llkolyj 
diagnosis was excavating hroncUiogenie «'areinoiiin. The poticut became increasingly ill and, 
lost 25 pounds. After four necks, he ngreeil to surgerj* und a right exploratory thoracotomy| 
vros pcrformoil. The entire right luug proved to In? densely adherent and the liilar structarcs» 
were enveloped in nn inflnninmtoy miiM, The ubscpps appenn-d to involve the right upper nndj 
iniddlo lol>es. Tuo frozen sections rcveahHl chronic inflnnmiation only, and, in viow of tlie, 
patient’s extremely poor phj-slcnl condition, the thought of pneuraoncctomy ^vns almndoned in 
favor of n envernostomy. The nlwwesse^i cavity was packe<l open and later dminetl ^rith 
rubber tultes. Sputum rapidly derrens*^!, ho Itegnn to gain weight, and was discharged to the 
Thoracic Out-Patient Clinic. He did relatively well while nt liome but contlnue<l to expec¬ 
torate moderate quantith^s of foul sputum. Successive eliest plates revealed tho right upper 
lobe to be partly collapsed with a small apical pneumothorax. It ^rag felt, however, that tho 
remaining cavity ^vns too large to close hpontaneously and he was rcndmittetl for thoracoplasty. 



Pitt. 2 (Case 2). —Blood levoli, urlnar>' excretion, und sputum excretion followlnir the ad- 
nUnlatrntlon of 100.000 units of crv'ttolllno penicillin O potassium by various routes. M. R., 
J8-year-oId white man with lunir abscess of rlcht mlddlo and upper lobe. 

During this admission penicillin studies were done. A four-stage thoracoplasty with 
partml scapulectomy was performed. During the Inst stage, the posterior portions of tho 
fifth, sixth, Borenth, and eighth ribs were removed and the wotmd was extended into tho 
chronic empyema cavity overlying tho abscess and packed wide open. This wound liealcd 
nipldly and the patient was discharged eight months after his first admission, tho wound com- 
plrtcly closed, the cavity collapsed and free of spulam. 

JxfsuUs .—(Table I and Fig. 2.) The blood-lcvcl curve, following intnunusculnr ingec- 
bon, reached a peak of 0.03 unit per c^. at one-linlf hour nnd thereafter declined rapidly, 
fiignlflcant levels wore maintained for three hours. Total urinary excretion tvas 89.7 per cent 
'rith n peak of 72,600 units excreted during the first hour. No trace of penicillin could be 
detected in any of tho sputum sample* following intramuscular adminUtmtion, Endotracheal 
sdminlstratlou produced a peak of 0.16 unit per c.c. of serum after one-half hour, nnd this 
P<iak wo* maintained for three hours. Therapeutic levels were still assayed at the end of six 
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liours. Total urinarj- excretiou was 33 per cent. Only 1,248 units of penicillin were ex¬ 
creted during the first hour, while 7,650 units per hour were excreted during the third and 
fourth hours. During the first hour 13,750 units of penicUlin were excreted in the sputum; 
at the end of six hours there were still'24 units per hour; and at the end of nine hours, 18 
units per hour. The patient expectorated a total of 671 c.c. of sputum containing 34,700 
units of penicillin during a twenty-four hour period. Following aerosol administration, a 
significant blood level was observed at the end of one-half hour. The total urinary excretion 
was 5.1 per cent and 4.8 per cent was expectorated, 4,836 units during the first hour, and 
there were still 1,007 units during the third hour. 



Case 3.—T. M., a 17-year-old wliite girl student was admitted to the Tlioracic Surgery 
Service for the sixth time complaining of a chronic productive cough. She was first admitted 
six years before and treated for right lower lobe pneumonia. She was readmitted three yeaK 
later because of a cough of three months’ duration. At the time, a diagnosis of bronchiectasis 
of both lower lobes was confirmed by bronchography. Two years ago bronchography revealed 
severe bronchiectasis of the right middle and lower lobes and minimal involvement of tlie 
left lower lobe and lingjila. It was felt, at the time, that the patient would be greatly im¬ 
proved though probably not cured by a resection and, consequently, a right middle and loner, 
lobe lobectomy was performed. Convalescence was uneventful and she was discharged greatly 
improved. She was entirely well for about six weeks while at home and then, following a 
cold, again developed severe cough and copious sputum. Large quantities of secretions re 
moved from both main stems at bronchoscopy, and x-ray examination at the time, revea ec 
a small shadow at the right apex, and the possibility of tuberculosis was considered. Sputum 
concentrates, smears, cultures, and gpiinea pig inoculations in the past and at this admission 
were negative. The patient was discharged improved following a course of intramuscu ar 
and aerosol penicillin. Further bronchograms confirmed bronchiectatic involvement of the e 
lower lobe and bngpda. The present admission again was for productive cough following a 
cold and sore throat. She also complained of weakness and exertional dyspnea. One 
before entry she noted, for the first time, some blood-streaked sputum. 

Physical examination revealed a young chronically iU girl- Tl*® pharynx and nose we^^ 
injected, and rales and wheezes at both lung bases were heard. Except for a sma ma ^ 
measuring 1 by 3 cm. in diameter in the upper outer quadrant of the right breast an 
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thoracotomy scar, physical oxatulnation was othonvisc negative. Our studies wore carried 
out and she was then plnccil on a regular regime of ncrosol and intramuscular penicillin 
on which slie improved very rapidly. Bronchogmms again demonstrated marked bronchiec¬ 
tasis of the loft lower lobo and lingula and alight involvement of the dependent branches of 
the remnlnlng right upper lobe. Of the first eight sputum concentrates for ncld-fost or¬ 
ganisms, two were reported positive. Several guinea pig inoculations of sputum wore neg¬ 
ative but ono of several gastric aspirations showed tuberculous infection at the end of six 
weeks. On strict 1 «h 1 rest nnd intermittent penicillin therapy, the patient gained 30 pounds 
and imprOTCtl greatly. Hputum was rotlucod to 1 ounce n day. Hcsulta of pulmonary function 
studies and difTerontial broncliospirometry, as well as extent of involvement, precluded further 
furgory and the pntient is awaiting ndmission to a sanatorium. 

—(Table I nnd Fig. 3.) Following intramuscular injection, blood serum levels 
readied a peak of 2i) units of penicillin per c.e. of serum nnd tlio levels then qoickly fell otT, 
tliorapenticnlly significant amount? l>oing delectable at tho end of three liours. Urinary ox- 
eretbn was 40.4 per cent with a penk of 22,500 units during the flrat hoar. No trace of peni¬ 
cillin ^raa dctecteil at any time in tho sputum following Intramuscular ndrainistration. After 
endotmdicol administration, tho bloml levels did not reach a peak until the end of ono hour and 
were then maintained at thU level of 0,1C unit per c.c. for tliree hours. Significant nctivity 
was still present nt tho end of flvo hours and penicillin was dctoctablo in tho blood at tho 
end of six hours. There was excretion of 14.5 por cent of tho ndministored dose in the urine 
and 83J5 per cent in tho sputum, 35,000 units daring the first hour, 38,780 units during the 
second hour, and 0,000 units during the thinl hour. Following aerosol administration, a x>eak 
of 0.04 unit per c.c, was rearhe<l at the end of one hour nnd runintalacd for ono liour. Tho 
total urinary excretion was 4.2 jwr cent and 5 per cent of tho total nmount ndministcre<l was 
expectomtod. At tho end of three hours, OHS units were still present In tho sputum. 


Cast. 4.—8. 0., a 4&-ycQr-olU, white, single window washer entered tho Fifth Medical 
Bmice eomplnlnlug of hoarseness and a cough of six weeks' duration, lie stated that he ^vas 
entirely well until six weeks before admissiou alien he began to notice a rather severo eougli, 
more noticeable at night, nt first productive of moderate quantities of white sputum nnd later 
of large quantities of tldck greenish sputum. Ho became increasingly fntiguod and lost 10 
pounds. Ho denied linving had recent contact with tuberculosis, and having night sweats, clillls 
sad fever There had never been any frank hemoptysis or blood streaking of the sputum. 
Sliortly before entry, his cough became severe enough to prevent sleep. 

His mother died of tuberculosis and ono brother of dropsy. Tho patient's health had 


Riways been good except for ono episode one year ago clmractcritcd by weakness and swelling 
of both legs; tills led to his first admission at this liospitaL Discharge diagnosis was chronic 
bright's disease with renal edema nnd eirrhosbi of tho liver. He loft tho hospital l>cforo 
further ovnluntlon jwsible. 8Iiortly after leaving, tho edema disappeared nnd he felt 
entirely well nntU the present episode. Ho admitted olcoliolic intake of 10 to 12 glasses of 
and 1 quart of whiskey every day for the post ten to fifteen years. 

Physical examination revealed a well-developed, well-nourished whlto man in no acute 
• distress, Tho blood pressure ^^•a8 130 systolic ond 90 diastolic, the temperature woe 101" F,, 
the pulso 80 per minute, and respirations 30, Many tectli were absent nnd the remaining ones 
in extremely poor condition. His gums appeared to be infected, and the pharynx was 
Injected. Speech was extremely hoarse; the vocal cords were swollen and edematons but moved 
Examination of tho lunge revealed nonnnl tactile and vocal fremitus and no dullness 
b percussion but some expiratory wheexes throughout both lung fields with fine crucldlng rftles 
tho left chest posteriorly. Tlicro was some tendemoas in the right upper quadrant and the 
bver edge was found to bo 1 cm. below tho costal margin by percussion but could not bo 
palpated. Clubbing of both upper extremities wna tho only other physical finding. 

CovTte. —X-ray examination of tho chest demonstrated an area of decreased density, 
^th fluid level, at tho base of tho right upx>cr lobe posteriorly, consistent with lung abscess. 
^I^injimtion of the urino revealed 1+ albumin and two to four red cells per high-power field, 
■c^minatlon of blood elements and chemistry was normal. Sjmtnm concentrates wore ex- 
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amined for acid-fast organisms and the sediment was injected into two guinea pigs. The 
sputum was also cultured for acid-fast organisms. All of these examinations proved to he 
negative. Culture of the sputum revealed alpha and beta hemolytic streptococci, micrococcus 
calarrhalis, Neisseria flava, Staphylococcus alhtis, and diphtlieroids. Anaerobic culture of 
the sputum did not further contribute. Two blood cultures were negative. Bronchoscopy 
performed on the twelfth hospital day revealed thick, purulent, grossly blood secretions coming 
from the right upper lolje orifice, which was completely occluded by tumor and/or granulation 
tissue. A biopsy taken from this region revealed squamous metaplasia. Papanicolaou smears 
for tumor cells were negative. The diagnostic impression was putrid abscess of the postero¬ 
lateral segment of the right upper lobe with possible carcinomatous degeneration, and the 
patient was transferred to the Tlioracic Surgery Service. 

Penicillin therapy, instituted on admission, was then interrupted for our usual studies 
at the inhalation laboratory. Intensive penicillin aerosol and parenteral threapy as well ns 
postural drainage was continued and two further bronchoscopies demonstrated improvement 
of the local lesion. A biopsy of a right anterior cervical lymph node proved to be negative 
for metastatic carcinoma. A chest x-ray film on the thirty-ninth hospital day revealed con¬ 
siderable improvement. The abscess had dimnished to almost half its former size and the 
fluid level had disappeared. There were stUl occasional temperature rises to about 100° F. 
On the fortieth hospital day the patient could not tolerate bed rest any longer and left the 
hospital against the advice of his physicians. Despite appointments and Social Service 
follow-up, he has never been seen at the clinic. 



Sesttlts—(Table I and Pig. 4.) Following intramuscular injection, blood levels rose 
to a peak of 1.25 units per c.c. after one-half hour, significant levels being present or 
hours. The total urinary excretion was 35.6 per cent and no penicillin was detected a 
time in the sputum following intramuscular administration. A peak of 0.31 unit per c.c. 
reached one-half hour after endotracheal administraUon and tliis peak was 
three hours. Significant levels were maintained for five hours and penicillin 
demonstrable in the blood at the end of six hours. The total urinary excretion was 
. cent and 33.2 per cent of the administered quantity was expectorated with a pea o - 
units during the first hour. At the end of four hours, 4,212 units per hour were s 
pectorated. Follo\ving aerosol administration, a peak of 0.16 unit per c.c. was reac le 
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pnd of ono hour nnd thompi'utic levels were still detcetotl at tlio ciifl of tlirce hours. The 
total urinary cicretlon was 11.7 per pent nnd 25.4 per cent of tlio ndmlnistorod dose ^vas cx- 
peetoratod—7,050 units duriuR the first hour, 0,048 units during the seeond hour, nnd 1,989 
units were still expeetomted during the fifth hour. 

mscus.siON' 

In eiicli ol the fnuv patients Htinlietl, no jtenicillin could bo detected in the 
sputum nt nny time lollowing intfninuaeulnr injection of 100,000 units. Fol¬ 
lowing both nevosol nnd endotmchonl ndministrntion, significant penicillin 
nclinty in the sputum of the snme piitients was noted for long peiiods of time. 
High sputum concentration irilh the latter routes arc to be expected. The 
inability of intranuuseulnrly administered ))enicilliu to reach the sputum in 
even the smallest detectable amounts was very striking. These findings are 
consistent with the clinical impression of the inability of parenteral therapy 
to cope effcetively ivith chronic punilent disorders of the lung. Roeutgeno- 
grnphic nnd clinical improvement following intravaseulnr therapy in lung ab¬ 
scess nnd bronehiectnsis are probbaly due to resolution of the siUTounding 
pneumonitis rather than to real penetration of the abscess cavities. Direct 
guautitativc measurement of the amount of penicillin which reaches the pul¬ 
monary epithelium of the noniml or acutely inflamed lung following intra- 
mnsonlnr ndministrntion is not easily possible. From the successful use of 
oral nnd iinrontcml sulfonamides nnd penieillin in the acute infectious dis¬ 
orders of the lung, it can be deduced, however, that in the absence of an 
avascular thickened abseess wall, good eoncentrntions must reach the nlvcoU. 
Collection of respirntory-traet fluid from animnls by means of a T tube ligated 
into the trachea” has demonstrated ns high a concentration of sulfadiazine 
in this fluid ns in the blood for four houi-s after oral administration. The rigid, 
thick, avascular wall of the chronic lung cavity must, therefore, represent an 
efficient barrier to the ndmiasiou of intrnvaseulnrly administered penicilluL 

From these nnd other studies, certain couclnsions may be made regard¬ 
ing the mechanism of penicillin nbsonition from the diseased lung. Since 
parenteral penicillin does not penetrate the punilent cavity, it follows that 
penicillin should not reach the general circnlntiou from within the cavity. 
However, the average total uiinary excretions in these four patients compare 
favorably with those obtained following similar ndministrntdou to normal vol- 
mteers.’ Accurate placement of the penicillin solely at the site of the lesion 
IS not passible. Therefore, the high blood levels nnd total urinary excretions 
must be the result of absoiTition from thase portioms of the lung that are not 
diseased. Inasmuch ns expectoration was encouraged, n sizeable portion of 
the ndministereil penicillin was lost in the sputum. Both the blood-level curves 
and the total uriimiy excretions are, therefore, somewhat lower with aerosol 
and intratracheal ndministrntion than comparable results obtained with nor¬ 
mal lungs. ' 

The dcmoiLstrable fnilui-e of effectiveness of the parenteral route in the 
piescnce of chronic suppuration makes it apparent that direct medication of 
0 lung, either by aerosol or intratracheal instillation, is necessary to alter 
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favorablj'- the pathologic conditions. The endotracheal method, while simple 
enough, has several disadvantages. Topical anesthesia is usually employed 
to assure penetration of penicillin into the distal portions of the tracheo¬ 
bronchial tree. Such suppression of the cough reflex as AvelLas the ever¬ 
present risk of reaction to such anesthesia are undesirable. Furthermore, ir¬ 
ritation and edema of the Amcal cords wall occur vdth repeated manipulation 
A\dth a catheter. 

The chief disadvantage inherent in the aerosol method is the Avastage that 
oceui’s. We haA^e prcAdously shoAAui that 35 per cent of the aerosolized peni¬ 
cillin actually is absorbed from the liuig. From the data presented, however, 
the marked etfleieney of either method in placing many hundred times a mini¬ 
mum therapeutic concentration of penicillin at the site of the disease is ap¬ 
parent. Good IcA^els are maintained, for about flve hours with intratracheal 
and for three hours after aerosol administration. A repetition of the aerosol 
therapy rather than intratracheal injections at these respective time intervals 
appears to be the more practical method. In fact, it is questionable Avhether 
too high concentrations of penicillin are necessary or even desirable m the 
respiratory tract. Proetz-® has reported that, Avhile concentrations of 500 
units per c.e. of penicillin do not impair the eiliary motion of isolated tracheal 
strips from the rabbit, concentrations of 5,000 units per c.c. reduce the speed 
of the ciliary motion Avithin three to six hours, long before signs of surface 
disintegration oeciu’. Furthermore, Eagle-^ has recently shoAvn that A\ath in¬ 
creasing concentrations of penicillin in body fluids bacteriostasis is not cor¬ 
respondingly increased. On the contraiy, after certain optimum concentra¬ 
tions, a paradoxical zone appears and bacteriostasis appears to fall off. It 
seems, therefore, that more than adequate concentrations of penicillin in puni- 
lent lung caAUties can be maintained Avith inhalation of 100,000 units, and 
possibly smaller doses, every three or four hours. Most patients quickly learn 
hoAV to use the aerosol apparatus and can, if necessary, continue this form of 
therapy at home. Proper handbulb aerosolization has been shoAAm to giA'c ade¬ 
quate blood levels.^ The need for intimtracheal manipulation with its at¬ 
tendant disadvantages is, therefore, not present. Although an occasiona 
patient may learn to introduce an intratracheal tube himself, the aeioso 
method, because of its wide applicability and ease of administration, is to e 
preferred. 

Endotracheal administration may present certain advantages. It is 
definitely known how deeply aerosolized penicillin actually penetrates puro 
lent cavities. The addition of Avetting agents to the solution may increase le 
depth of penetration. The only force Avhich carries the minute parPc es o 
the aerosol into the lung is the respiratory motion. Drinker and ar 
bergh,^® during a study of dye. and protein absorption from the lung, 
dieted rapid absorption of as small a molecule as that of penicillin. 

CA^er, they expressed doubt as to hoAV deeply such inhaled mists f and 

trate deep suppurative foci Avith their lost respiratory motion. 

Floyer^® felt that aerosols might not enter bronchieetatic cavities anj 
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than pnrcnternl penicillin bccnuao of deficient nerntion of the diseased lung. 
There appeal's to lie little stimulus for minute aerosol particles to enter such 
a rigid motionless cavity. It appears entirely possible that a thick-walled 
hollow cavity, unafCcetcd by respiratoi'}' motion, could bo reached only by a 
gravitational fiow of penicillin such ns that ivliich follows direct injection of 
fluid. Nevertheless, the striking amelioration of symptoms folloudiig aerosol 
therapy, reported by most observers, strongly suggests some penicillin being 
effective in the depth of such purulent cavities. 

Intratracheal therapy, while certainly an effective means of getting the 
penicillin to where it is most needed, is not recommended for routine use 
because of prcrnously described disadvantages. ITowcvcr, under certain con- 
ditioas, it may be the indicated route of tbern])}': (I) where endotracheal 
intubation is necessary for other reasons such ns at the time of bronchoscopy 
or bronchogi'nphy; (2) in thorneic surgery, dining routine postoperative 
tracheal aspirations, to prevent atelectasis and to promote the cough reflex; 
and (9) where a raiiid improvement of sjmiptoms and reduction of sputum 
arc nccessarj-, ns for instance, preoiicrativcly to resection for bronchiectasis 
or abscess. In the last instance, repented intratracheal administration is cer¬ 
tainly leas traumatic but probably less effective than repeated preoporativo 
bronohosoopic aspirations with penicillin injection. In all other instances, 
aerosolization appears to be the ideal method for the medical treatment of such 
purulent disonlci-s of the lung. 


SUMMARY 

1. Four patients with chronic purulent disorders of the lung (broncliiec- 
tasia and lung abscess) were studied. Each patient received 100,000 units of 
penicillin intranuusculnrly, iiitrntracheally, and by the aerosol route. Blood, 
urine, and sputum specimens were collected over a twenty-four hour period, 
following administration, and were assayed for their pcnicilUn content. 

2. None of the four patients showed detectable penicillin ncti'\ity in the 
sputum at any time following intramuscular injection of 100,000 units of 
penicillin. 

3. The blood levels and urine excretion with the endotracheal and aerosol 
routes were approximately the same ns those found in the normal lung. This 
may be interpreted as demonstrating systemic absorption from the normal 
portions of the diseased lung. 

4. There was expectoration of 14 to 83 per cent of the penicillin admin- 
rstered during the first six hours following intratracheal administration; 6 
to 25 per cent of the penicillin was recovered in the sputum following aerosol 
administration. 

6. Both the intratrneheal and aerosol methods were shoAvn to be effective. 
The latter is generally to be preferred except where intubation is necessary for 
other reasons. The intratracheal route of administration is further suggested 
as a rapid means of decreasing sputum and cough prior to surgery. 

G. Some form of direct medication of the lung is indicated in the treat- 
raeut of chronic purulent disorders of the lung. 
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LIPOID GRANULOMA OP THE LUNG FOLLOAVING BRONCHOGRAPin’ 
AVITH IODIZED OIL 


Richard P. Storbs, M.D.,* John R. McDonald, M.D.,t and 
0. Aia.kn Good, iI.D4 
Rociiksteh, Minn. 

S ICARD and Porcsticr' in 1922 in Pnincc, iiaing Lipiodol (Lalay), whicli is 
iodiicd poppy^sccd oil, introduced iodir.cd oil as a contrast medium for 
studying tlio bronchial tree in luiman subjects. Since then several other oils, 
including sesame oil, rapesced oil, olive oil, and peanut oil, have been halo- 
genated uith iodine, an iodinc-eblorine combination, or bromine and used in 
bronchography. As a diagnostic measuro bronchography has been widely em¬ 
ployed and is generally i-cgaitlcd ns a relatively safe procedure. There have 
been reports ol acute reactions, a few of them fatal, after bronchography. These 
have practically all liccu attributeil to nnaphylnxis, iodism, or mechanical over¬ 
filling or obstruction of bronchi. 

AVe have rcccntlj- obscn-cd a ease in which at operation three weeks after 
bronchography with loilochlorol (iodized and chloiinated peanut oil) a granulo¬ 
matous process was found in the lung, apparently caused by the iodized oil. 
In reviewing the literature we have been able to find reports of only three 
similar cases in whicli histologic study of pulmonaiy tissue showed a pathologic 
process apparently caused by the iiioscnce in the lung of iodized oil. 

In 1934, Rabinovitch and Ledcrer,* writing on lipoid pneumonia, stated 
that one of them had recently obscr\'ctl a ease in which post-mortem study re¬ 
vealed changes in the lung similar to those seen in lipoid pneumonia and ap¬ 
parently caused by iodized poppy-seed oil which had been administered somo- 
tirao before death. They did not give further details of the case. 

AVright,’ in 1935, leportcd a case of broncliiogcnic carcinoma in which, one 
year after bronchography with iodized rajicsecd oil, the opaque medium could 
be seen rocntgcnographically in the lung, where it had apparently been trapped 
by the presence of the tumor in the bronchus. Post-moi-tera study of the lung 
m this region sliowed the presence of much oil in droplets enclosed in a kind 
of “cellular sjuicytlum,’’ wliicli had replaced nearly all of the pubnonarj' tissue 
m the lobe involved. AVright concluded that the reaction had been caused by 
the prolonged presence of the iodized oil. 

In 1943, Brody* described a case of what ho termed ‘ ‘ focal lipid granuloma¬ 
tosis" discovered at operation one month after bronchography had been done 
usmg iodized poppy-seed oil. He found in this case, scattered beneath the 
pleura and throughout the pai'cnclijTna of the involved lobes, numerous firm, 
ovoid, sharply circiimsciibed, gray-broim nodules, measuring up to 1 cm. in 
diameter. Microscopically, the nodules consisted of aggregates of tubercle-like 
structures, the centers of many of which contained fnt globules. Many of the 
fiat glo bules had foreign-body giant cells stretched around them and the latter 
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were siirroimded by epithelioid cells and macrophages with a peripheral rim 
of lymphoejdes and fibroblasts. Roentgenograms of thin slices of tissue showed 
radiopaque regions which agreed in size and distribution ivith the oil droplets 
seen in the microsections. In tliis case also a bronchial tumor partially oh- 
stnicted the broncM to the lobes in which the granulomatous reaction occurred. 

In the case to be reported the findings were verj’- similar to those in Brody’s 
case, except that there was no obstructing bronchial lesion. 


REPORT OF CASE 

The patient was a white woman, aged 22 years, who registered at the Mayo Clinic 
in September, 1947. Her history was quite characteristic of bronchiectasis. There was 
no liistory of the use of oily nose drops and bronchography had not been done. Stereo¬ 
scopic roentgenograms of the chest were reported as showing “very extensive bronchiec¬ 
tasis both bases.” Bilateral bronchograms using 20 c.c. of lodochlorol on both sides were 
done Sept. 25, 1947. lodochlorol, as described by the manufacturer, contains “27 per 
cent iodine and 7.5 per cent chlorine in organic combination with a highly refined pea¬ 
nut oil.” It is the medium which has been used in bronchography at the clinic almost 
exclusively for the past six or seven years ■without ill effect. The bronchograms in this 
case showed bronchiectasis involving the left lower lobe but because lingular involve¬ 
ment was uncertain, a left bronchogram using 15 c.c. of lodochlorol was made four days 
later. This study showed bronchiecta.sis in the lingula. The patient was hospitalized on 
Oct. 2, 1947, for preoperative penicillin therapy. Between October 2 and October 5, 
temperatures of 99.5° F. were recorded on three occasions but during the remainder of the 
preoperative period her course was afebrile. On October 10 the patient complained of 
some itching and an erythematous macular type of eruption was noted on the skin of the 
anterior surface of the chest and thighs, but this apparently subsided rapidly and its 
nature is uncertain. 

On October 14, left thoracotomy was done. At operation the left lower lobe was found 
to contain many small yellowish gray nodules, some of which lay just beneath the pleura. 
A s imil ar large region was noted occupying about a third of the volume of the left upper 
lobe and located cliiefly in the anterior basal portion of tlie lobe. Biopsy of one of the 
nodules showed lipoid granuloma on fresh frozen section. Left lower lobectomy and lingulec- 
tomy were done. "Wlien the remaining portion of the left upper lobe was re-expanded it was 
noted that the nodular region in that lobe was still present. 

After operation the patient required oxygen therapy for four days, becoming dyspneic 
whenever the oxygen was -adthdra-wn. Except for this, her postoperative course was not un¬ 
usual. Postoperative roentgenograms of the chest showed a large amount of residual iodized 
oil in both lungs. These roentgenograms showed no shadow which could be said to represent 
an infiltration in the lung in the vicinity of the solid region described in the left upper lobe 
at operation, but there was in this region a rather large collection of iodized oil as can be seen 
on the roentgenogram taken the day after operation (Fig. 1). The remainder of the pa¬ 
tient’s course -n-as quite satisfactory. When she returned for clinical study, sis months 
later, on April 27, 1948, she reported that she had felt well, had gained weight, and that, a 
though she coughed occasionally, the cough was no longer productive. A roentgenogram of the 
chest at this time (Fig. 2) showed good expansion of the remaining left upper lobe and a 
marked reduction of the amoxmt of iodized oil in the lung. 


PATHOLOGY 

Grossly, the resected portions of the left lung showed bronchiectasis. In 
addition, the left lower lobe contained a number of solid, yellowish gray areas 
sharply demarcated from the surrounding lung tissue (Fig. 3). These range 
from 1 mm. to 1.5 cm. in diameter and were grouped in an area invol'vdng ahou 
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one-sixtli of the left lower lobe in its peripherj’^ a^teromediaII}^ The larger 
nodules tended to fuse with one another’, forming an irregular region of con¬ 
solidation with scattered separate nodules around it. A roentgenogram of 
the specimen showed that the lung in the solidified regions contamed a large 
amount of radiopaque material (Fig. 4). A roentgenogram of a block of tissue 
from the solid region (Fig. 5) showed the presence of small masses of opaque 
material, rvhich agreed in size and distribution wth small masses of a materia] 
which stained orange red with Sudan IV in frozen sections cut fi'om the same 
block of tissue (Fig. 6). _ ' 



Fig. 6. 


Fig. 6. 


Fig. 6.—Roentgenogram of a block of tissue from a region of granuloma shows dlstrlbu 
tlon of opaque medium In this block. , 

Fig. 6.—Low-power view (x2.7) of a section cut from the block in 
with Sudan IV, shows small masses of material scattered through the section whicn ai v 
black In the photograph but were actually bright red. 


klicroscopic study of tissue from the solid region (Figs. 7 and 8) showed a 
granulomatous process made up of tuherele-like structures containing various¬ 
sized globules of a substance which stained orange red ivith Sudan IV, blue 
and crimson with Nile hhre suKate, and black tvith osmic acid. These staimug 
reactions indicated that the substance in question was an oil. Multinuclea ec 
giant cells were found stretched around some of the oil globules. Othei oi 
globules were surrounded by masses of epithelioid cells containing scatteiec 
giant cells (Fig. 9). In addition, there were present within the granuloinatoiH 
tissue regions of definite necrosis in intimate association with masses of oi 
(Fig. 10). Sections of the surrounding puhnonaiy tissue which had ap 
peared nonnal on gross inspection, revealed on microscopic examination a 
similar but less, mai’ked reaction -with the presence of mononuclear cells. 

Ghemieal analysis by Dr. M. H. Power showed that tissue from t e 
granulomatous region contained three hundred times as much iodine per gram 
of wet tissue as did tissue from other regions of the lung which appeal ec 

grossly normal. . , 

The gross and microscopic pathologic findings in this case wei’e those o 
lipoid granuloma. Since the substance found scattered through the gram o 
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7. —Low-powor view (X26) of ono of Ujq ■mailer nodule* stained with hematoxylin 
The nodule Is sharply circumscribed fiom the surrounding lung tissue and has at 

cleft* which contained Iodised oil. The oil has been dissolved out In tissue proc- 

8. —Section stained wltli Sudan TV Bhows wild region of cranuloma containing small 
oil which stained bright rod but which appear black In the photograph (X66). 

1.—Ulgher power view (XllO) of section stalnod with hematoxylin and ooeln shows 
cells and a giant cell adjacent to a cleft which once contained an oil droplet. 

10.—Qranulonia with an area of necrosis In the upper left-hand comer (hematoxylin 
X80). 
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matous regions and at the centers of the granulomatous nodules was by 
staining reaction an oil, by roentgenographic examination an opaque sub¬ 
stance, and by chemical analy^sis of high iodine content, the conclusion that it 
was the iodized oil used for bronchography seems certain. The relation of, 
the oil globules to the granuloma is such that one must conclude that the 
granuloma developed in response to the presence of the iodized oil. 

coji:ment 

The question of what reaction might be caused in the lung by^ the introduc¬ 
tion of iodized oils used in bronchography has stimulated considerable investi¬ 
gation. Ballon and Ballon,® in 1927, from a study of 100 eases in wMch Lipiodol 
bronchography had been done and from experimental work vath cats, concluded 
that there was no immediate reaction to tliis substance and no late reaction 
when it persisted in tlie lung even for long periods. Fried and "WTiitaker,® in 
the same year, using iodized poppy-seed oil and iodized sesame oil, studied the 
histologic change in the lungs of animals at intervals after intrati’aeheal injec¬ 
tion. They reported that the reaction to the oil in the lungs was confined to the 
cells lining the alveolar walls, wliich, being nonnally macrophages hi a resting 
state, became transformed into wandering phagocydes and picked up the oil 
in their cytoplasm. They found regions where these cells proliferated, forming 
cellular, tumorlike masses which collapsed the alveoli and destroyed the 
normal architecture of the lungs. 

In 1928, Pinkerton^ made studies of the reaction of the lungs of dogs and 
rabbits to various oils with particular hiterest in determining whether the 
iodized oils used in bronchography were capable of producing reactions similar 
to those known to have been produced by other oils. He concluded: (1) that 
most vegetable oils (uicludiug iodized poppy-seed oil and iodized sesame oil) 
produced practically no reaction in the lungs even though retained there for 
a considerable period; (2) that mineral oil was quickly emulsified in the 
lungs and taken up by phagocytes which collected in large numbers, fiUmg 
the alveoli and producing consolidation, which Avas later folloived by fibrosis; 
(3) that animal oils' (such as lard oil and cod UA^er oil) produced sohd 
yelloAAUsh regions in the lung Avhich microscopically shoAved masses of oil 
surrounded by a tubercle-like granulomatous reaction made up of giant cells 
and mononuclear phagocytes Avith occasional regions of necrosis, particulaily 
when animal oils containing a relatively high percentage of fatty acids had 
been used; (4) that the reaction of the lungs to an oil Amried directly AAoth the 
free fatty acid content of that oil; and (5) that the simple vegetable oils nsec 
in bronehographyq since they had a Amry low content of free fatty acid anc 
apparently Avere little affected by the lipase activity of the lungs to be broken 
doAAUi to fatty acids, Avere quite safe for use. 

BrovTi,® in 1928, studied the reaction of the lungs of cats to injections o 
iodized oil and concluded that the presence of the oil in healthy alveoli excite 
a mononuclear infiltration of the large phagocytic type and that these laige 
phagocytes Avere the prime factoi’S in the removal of the oil from the an eo , 
eaiTying the oil along the lymphatics to the hilar Ijonph nodes. 
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In 1029, Beltmnn, Kolly, nnd Orolm,” using dogs, ropovtcd that most of 
the iodized iioppy-seed oil introduced iutrntrnchenlly was expelled from the 
bronchial tree hy coughing and that ca-cu though small amounts wore retained 
for ns long ns seven months, the lu-cBeiiec of this oil did not cause a definite 
foreign-body reaction. 

Beznnson, Dclnrue, and Vntet-ncllol,’° in h'rnnce, in 1935, reported 
histologic studies of ])ost-mortcm materiid from three cases observed two 
daj-s, tivelvc dnj's, and six ycain after iustillntion of iodized oil. They con¬ 
cluded that: (1) iodized oil used iu hrouchography reached the alvcoU, ivlierc 
the greater part of it remained free, not causing any histologic reaction and 
being removed hy expectoration; (2) a small part of the oil rvas rapidly fixed 
in the alveolar walls hy a jiroocss of intraparictal phagocA'to.sis, producing a 
mild hiterstitial reaction and being gradually broken down hy the lipolytic 
action of the pulmonary ^inrcnchyma. They suggested that the long retention 
of iodized oil occasionally observed on roentgenograms ivas due to a deficiency 
of the lipoljdic activity of the Innga. 

Gowar and Gilmour,” in 1941. reported on histologic studies of the lungs 
of rabbits at intervals after injection of an iodized oil and concluded that the 
only pathologic change that could definitely he attributed to the iodized oil 
was the presence of epithelioid cells which formed nodules. They found little 
evidence of phagocytosm of the oil and no evidence of removal of the oil from 
the Inng hy migration of macrophages, (’hesterman,’- in 1942, using essen¬ 
tially the same technique with cats, found that three of eleven animals into 
whieh iodized oil had been injected shoived shaiqily circumserihed regions of 
consolidation which ivere grossly yellow and which microscopically showed 
large phagocj’tio eoUs containing globules of oil, together \rith exudation of 
polymorphonuclear leucocytes and epithelial proliferation. 

The pathologic evidence in this ease, in our opinion, indicates definitely 
that the granulomatous process found in the lung at operation Avas earwed 
by the presence of the iodized peanut oil introduced for the purpose of making 
hronchograins. The recognition of .such a process developing in response to 
iodized oil must he a A'eiy rare occurrence, since so foAV similar eases hav'c 
been reported. It seems entii'ely pos.sil)le. hoAvever, that lesser degrees of 
snch reaction may oeciu- more often than has been recognized. Studies Avith 
ammals, usuig various iodized oils, linA'e indicated that there is usually little 
reaction of the lung to these substances, but investigators huA'e reported 
finding masses of epithelioid cells Avhich had destrayed the normal pnhnonaiy 
architecture iu some regions. These masses of epithelioid cells were apparently 
quite small in most instances but could represent a mild degree of the same 
reaction ns was present in this case. 


It seems verj' unlikely that the iodized peanut oil used in this case Avas 
any different from that Avhich has been used in hundreds of other cases here 
must conclude that the pulmonary tissue of this patient reacted in a 
<1 erent manner to contact Avith iodized peanut oil than docs the pulmonary 
r^e of the average iicrson. The reaction found in this lung Avith formation 
a granuloma and necrosis was vciy similar to that which Pinkerton described 
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as occurring in response to animal oils of higli fatty acid content. Perhaps 
tliis patient’s lung possessed a very high degree of the lipase activity, de¬ 
scribed by several French writers, and rapidly broke do\vn a portion of the 
peanut oil, releasing irritating fatty acids which caused the necrosis and the 
formation of granuloma. 

The question whether peanut oil might be undesirable as a base for iodized 
oil has been considered. Boldrey and Aird,^® in 1944, after experimental 
studies concluded that iodized peanut oil injected intrathecally was less 
irritating to the meninges than iodized poppy-seed oil. Since peanut oil has 
been used at the clinic in bronchography for such a long period ■with only one 
proved reaction of this type, and since the only similar reactions reported in 
the literature occurred after the use of other oils, one must conclude tenta- 
tivelj' at least that peanut oil is probably as good a base as the other oils 
currently in use. 

The clinical importance of the reaction in this case was an apparent 
reduction of the patient’s pulmonary reseiwe, requiring the use of oxygen 
therapy for a comparatively long period after operation. The process, as far 
as can be determined clinically, was a reversible one and the outcome was 
satisfactory. It woidd seem, in view of the reaction in this case, most desirable 
to empty the bronchial time of iodized oil as quickly and completely as possible 
after bronchography. In addition, it would seem ad'visable to make roentgeno¬ 
grams of the chest prior to surgical intervention in all eases in which 
bronchography has been performed and to delay surgical intervention in those 
cases in which any considerable amount of residual iodized oil is obseived in 
the roentgenograms. 
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THE EFFECT OP PNEUJIONECTOMY ON PULJIONAKY FUNCTION 
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George P. Posehond, M.D., and Mart R. Wester, il.S. 
PHituVDELpnu, Pa. 


D espite the fact tlmt pnounionccloniy has l>ccn an accepted stu-gical pro¬ 
cedure since 1933,’ there have not been many reports on the clianges in 
pulmonarj- function tvitli pneumonectomy.’"” Often these reports have con¬ 
sisted only of the measurement of the function postoperatively and an estima¬ 
tion of “normal” function prcoperatively. In the present study measurements 
of pulmonary function were made lioth pie- and postoperatively liy means of 
external spirometry and bronchosiiiromctr}-. 

These studios of pulmonarj’ function before and after pneiunoneetomy 
wore done on patients at Temple Universitj' Hospital. External spirometry 
measuring the over-nU function of Imth lungs was carried out on twenty-four 
patients. An evaluation of the vcntilatoiy function at rest and during a period 
of voluntarj’ maximum cflort was made. In sbeteen patients the division of 
function between the right and left lungs was determined prior to operation 
by moans of bronohospirometrj’. Tliis was done in order to estimate the func¬ 
tional impairment of the lung to be resected ns well ns to bring out possible 
undetected impairment of function of the contralateral lung. Pneumonectomy 
was performed in twenty-one instances for pulmonary neoplasm, and in the 
remaining tlireo for extensive unilateral bronchiectasis. Tlie patients ranged 
in ago from 35 to CC years, the nverngo age being 53 years. There were seven¬ 
teen men and seven women. 

External spirometry was carried out with tlic patients in a basal condition, 
using a Roth-Benedict water spirometer. A record of quiet respiration was 
obtained over a period of 6 to 6 minutes; the spirogram thus obtained was used 
for analysis of the oxygen absorbed per minute, the respiratory rate, the depth 
of respiration (tidal air), and the nvorago minute volume of respiration 
(M.VJJ.), that is, the respiratory rate times the tidal air. The maximum 
breathing capacity was recorded after askiDg the patient to breathe as deep and 
as fast 03 possible, as though he had boon running. The record was continued 
for a period of one-half minute during which time the patient was frequently 
encouraged to breathe deeper and faster. For the short period of recording 
the maximum breathing capacity and lecovory the soda lime container was re¬ 
moved from the spirometer to eUminate the resistance of the lime itself and the 
resistance of one flutter valve. The maximum breathing capacitj’ (iLB.C.) was 
calculated in terms of liters per minute. The breathing reserve at rest was de¬ 
rived. (iLB.C. - II.V.R.). The per cent breathing reserve was also calculated 
according to the formula 


iLB.C. - M.V.B. 
1I.B.C. 


X 100. 


riepArtmenta of SurEory, BronchoeiophaEoIoBy, tmd PhyaIoloB>'. Temple Unl- 
leriitj Medical School and Ho^ilUl. 

Hecelved tor pohllcnUon July 23, U18. 
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Repeated determination of resting minute vohmie and maximum lireathing 
capacity by this method on the same daj^ successive days, or vdthin a few weeks 
showed remarkable constancy of ventilatory function, particularly with regard 
to the depth of respiration both during quiet breathing and during niaxinram 
effort.* It was, therefore, felt that it was valid to compare the results obtained 
by this method before and after pneumonectomy. These results cannot he com¬ 
pared with those obtained on the Douglas bag by other investigatoi-s, since the 
depth of respiration both during quiet breathing and during maximum effort 
appear to be greater on the spirometer, probablj" due to the greater resistance 
of the closed circuit. 

External spirometiy was done before and after pneunionectomy in all 
twenty-four eases. The postoperative studies were carried out two to three 
weeks after pneumonectomy in sixteen eases, and two months to two years later 
in nineteen cases. 

Bronchospirometry was performed preoperatively on sixteen patients. 
A Gebauer twin spirometer was used. Originall}’- a Zavod catheter was used; 
later a Norins eatlieter" was substituted for the Zavod, as we felt it gave more 
accurate results. The patients were not in a basal condition. Under local 
Pontocaine anesthesia and using fluoroscopic guidance the catheter was pnt m 
place \vith the tip in the left main bronchus. The procedure has been more 
fully described elsewhere.^ 

The di^dsion of function between the two lungs was calculated from the 
bronchospirometric record. This included the per cent of the total oxj^gen ab¬ 
sorbed from the light and left lungs, respectively, and the per cent of the total 
volume of air moved by each lung. By referring these relative functions of each 
lung back to the resting oxygen absorption and tidal volume as determined by 
external spirometiy under basal conditions, the probable resting function of 
each lung was estimated. The maximum breathing capacity of each lung was 
calculated from the percentage of the total tidal air moved by each lung and 
the total maximum breathing capacity as obtained by -extemal spirometry. 
Such an estimation of the maximum breathing capacity of the separate lungs 
is valid only if the proportion of air ventilated by each lung is tlie same vith 
a maximum ventilatoiy effort as during rest. Recent work has shown that this is 
not alwajm so. For instance, in unilateral emphysema there may he a difference 
between the percentage of air ventilated by the involved lung during quiet 
respiration and during great respiratoiy effort.® It would seem, then, that 
our estimated figures for the maximum breathing capacity of the separate lungs 
preoperatively maj^ be open to some question, but at the moment they are the 
best available. 


*A total of 130 tests were done on 46 Individuals at interv-als rangdug' from o”?'„,j, 
hour to several months. The average variation In resting minute volume was 1.2 L., m niilet 
breathing capacltj' 7 per cent; the average variation In tlie depth of respiration diirinc i 
breathing was 86 c.c. and during maximum effort 19G c.c. Using the figures obtalnea i 
found that differences of less than 2.6 L. In resting minute volume, and of less than la Pl- 
In maximum breathing capacity were insignificant. Likewise, a change of less tn^ 
in resting tidal volume or of 300 c.c. In the depth of respiration obtained during maximum 
was Insignificant. 
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RESULTS 

Tlie results mny lie considered in two cntegoiies: tlio elianges in the total 
pulmonaiy function after pneumonectomy and tlic changes in the function of 
the remaining lung (Tables I and II). 

The changes in total function arc shomi in Table II. Seventeen patients 
were e-vamined two to three weeks after pncnmoncctomy. In general, the 
resiiiration tended to bo more rapid and somewhat les-s deep in the immediate 
postoperative jicriod than prior to operation, but in only five instances was the 
respimtoiy rate nlmvc 20. In two ca.scs of pulmonary suppuration prior to 
operation the respirator}’ rate dropped liclow 20 after removal of the diseased 
lung. Twenty patients were reuixamincd two to twenty-four months post- 
operativcl.v. All c-veept three had i-espiratory rates liclow 20. In almost all the 
patients who wore studied both immwlintciy postoperativcly and then some 
montlis later the respirator}- rates had decreased liclow the two weeks post¬ 
operative rate, although they were in some instances still slightly higher than the 
preoperative rates. The depth of respiration was often less postoperativcly than 
it hod boon preoporativcly. There was usually no significant change in the 
minute volume of respiration. 

Preoperatively, the maximum breathing capacities ranged from 17.1 L. to 
60.8 L. per minute. These values arc far below the expected normals as esti¬ 
mated by Cournnnd.“* The resting bix-athing I'cservcs (M.B.O. - M.V.R.) 

ranged from 9.9 to 02.7 L. The iiercentagc breathing resen’cs (-jig'C- 

X 100) preoperatively ranged from 42 to 88 per cent. Postoperatively the 
maximum breathing capacity usuaUy decreased; there was a deci'ease in the 
depth of respiration during maximiun ventilatory effort in all but one case 
(Case 10) and usually an increase in rate. In a few cases the increased rate 
compensated for the decreased depth so well that the maximum breathing ca¬ 
pacity postopcrativel.v actually closely approached or even exceeded the pre¬ 
operative determination. 

Changes in resting breathing reserve usually pareUelcd the changes in the 
maximum oreathing capacity. Interestingly enough, after the immediate post¬ 
operative period there were eight patients in whom there was an increase and 
two patients in whom there was less than a 2 L. decrease in the bi-eatliing re¬ 
serve after the removal of one lung. In the remaining nine patients the de¬ 
crease m reserve ranged from 5 to 31 L. 

Bxcept, then, for the decrease in maximum breathing capacity (average 
decrease 23 per cent), the changes in the over-all resting pulmonary fimction 
picture with pneumonectomy were not great. However, the changes in the 
function of the remaining lung were often striking and mdicativo of compensa¬ 
tory adjustments to maintain the resting pulmonary function at its preoperative 
level. 

AVith the patient in a basal condition the oxygen absorption of tlie romaiu- 
mg hmg increased an average of 80 per cent. If the basal oxygen of the in- 


‘Pot men: Mtlmated normnl (86.5—10.622 X a-e®]) X aurfaco area In meter*.* 

Por women: eatlmatod normal M.B.C. (71.3 —[0.474 x o^el) x aorfaco area In metera.* 



Table I. Eesults op Pulmonary Function Tests Before and After Pnbuaioneotomy 
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LESION AND OPERATION 
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dividual livero to remain constant, it would obviously follow that tlic rcmninnig 
lung would increase its absorption of oxj'gcn to tbc extent necessary to provide 
tbe amount formerly absorbed from the diseased lung. Theoretically, if lialf 
of the total oxygen were provided by each lung prcopcratively, then postopera- 
tivoly the remaining lung must necessarily double its oxygen uptake. Con¬ 
sidering only those patients (Cases 2, 5, 6, S, 9, 10, and 14) in whom tlie over-all 
oxygen absorption was approximately the same before and after operation, it 
may lie seen that the increase in oxygen absorption from the remaining lung 
is inversely proportional to the per cent of the total o.xygcu provided by that 
lung prcopcratively. For example (Case 2) when the remaining lung pre- 
opcrativcly was absorliing 56 per cent of the total oxj-gen, postoporatively its 
oxygen absorption was not quite doubled (1.8 times); when the oxj’gen ab¬ 
sorption preopcratively was 46 per cent of the total oxygen (Case 8), the oxy¬ 
gen uptake by the remaining lung was a little more than doubled (2.3 times) 
postoperativcly. When the oxygen consumption was increased greatly because 
of infection (Case 4), the increase in oxygen uptake from the remaining lung 
was almost five times the preoperative value. 

The minute volume changes were not proportional to the changes in oxy¬ 
gen absorption; the oxygen absorption of the remaining lung increased more 
than did the minute volume. On an average, preopeiativoly, the rminvolved 
lung absorbed 100 c.c. of oxj’gcn for oveo' 3.7 L. of air moved; two weeks post- 
operativoly it absorbed 100 e.e. of oxygen for every 3.4 L. of air moved, and 
several months postoporatively, 100 c.c. of oxygen for eveiy 2.6 L. of air moved. 

The depth of respiration (tidal volume) of tlie remaining lung increased 
except in one instance. During tlie immediate postoperative period the average 
increase in depth was 51 per cent and after several months the average increase 
in' depth was 70 per cent. In one case the depth of respiration increased by 
112 per cent. These changes in depth coupled with the usual increase in the 
rate of respiration produced an average increase in the minute volume of the 
remaining lung of 56 per cent. 

The maximum breathing capacity of the remaking lung tended to increase 
postoperativcly duo in tlie main to an increase in the rate of respiration during 
maximum voluntary effort. Using the calculated preoperative values the in¬ 
crease in the depth of respiration of tho remaining lung during maximum effort 
apparently amounted to no more than 300 c.c. with one exception when there 
was an increase of 570 c.c. In two patients the JI.B.C. of the remaining lung 
decreased postoporatively. One patient had developed hemiplegia with marked 
muscular weakness, so that tho rate of respiration during maximum effort was 
greatly, decreased. The second patient had had extension of the bronchial 
carcinoma to the mediastinum and had received x-ray therapy over the mediaa- 
tmal area. In this case there was a 56 per cent decrease in the depth of respira- 
,tion during maximum effort. 

DISOUBSION 

Pneumonectomy in patients with little or no disease in the contralateral 
lung caused remarkably little change in resting oxygen absorption or the minute 
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Table TL Coupaeison op the Maxqium Breathing Capacitt 


CASE 

NO. 

TIME 

MAXIMUM ‘ breathing CAPACITT 

BREATH¬ 

ING 
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LITERS 
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CENT 

MEDIAS¬ 

TINAL 
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DYSPNEA 
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LITERS 

RATE 

DEPTH 

C.C. 
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1 
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26 
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- 
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stairs 

2 
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22 

42 
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79 

78 
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67 

67 
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28 
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72 

0 
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65 
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30 

38 

1900 
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86 

83 

0 
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On stairs 
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57.0 
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32 

50 
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530 

52.7 

19.8 

87 

66 

- 
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At rest 

7 

Preop. 

6 mo. 
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s 

Preop. 
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48 
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33.3 
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87 

77 

+ + + 

None 

On stairs 

9 

Preop. 
22 mo. 

17.1 

21.6 

18 

24 

950 

550 

400 

900 

10.2 

16.0 

60 

74 

+ + + I 

On exertion 

Works 8 hr. day ns 
a waitress; 
dyspnea only on 

2 flights of stairs 

10 

Preop. 
18 mo. 

21.7 

29.4 

28 

28 

775 I 

H 

0 

12.1 

16.8 

56 

74 

+++ 

? 

None on stairs; 
does housework 

11 

Preop. 

7 mo. 

29.4 

22.5 

28 

30 

1050 

730 

750 

■ 

20.3 

14.1 

71 

63 

+ + 

None 

None on stairs _ 

23 

Preop. 
3 mo. 

39.0 

40.0 

26 

40 

1500 

1170 

1000 

330 


75 

82 

+ 

On exertion 

On stairs _ 

24 

Preop. 
2 mo. 

56.0 

32.6 

28 

46 

2000 

1180 

710 

820 

45.2 

22.1 

81 

68 

+ 

None 

On exertion; 

readOy fatigued_ 

15 

Preop. 
10 mo. 

32.3 

41.4 

38 

46 

850 

900 

■ 

18.8 

26.5 

58 

64 

. + 

On walking 

None on walking 
but on 1 flight 
of stairs _ 

16 

Preop. 
12 mo. 

39.6 

25.2 

36 

28 

1100 

■ 

900 

31.1 

14.2 

79 

56 

+++ 

On stairs 

On stairs; unable 
to work ■ ^__ 

17 

Preop. 
18 mo. 

18.0 

22.8 

20 

38 

900 

600 


12.5 

13.2 



On stairs 

On walking_ 

18 

Preop. 
7 mo. 

54.0 

30.0 

36 

30 

1500 

% 

1000 

47.5 

22.8 

88 

76 


None 

None __ 

20” 

Preop. 
6 mo. 

41.8 
, 29.7 

22 

22 

1900 

1350 

■ 

34.1 

23.6 

82 

79 

+ 

On exertion 

On exertion; does 
light work__ 
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Table n—C ont’d 


CASE 

KO. 

TlUE 

MAXJMUil DrXATUlNO CArAOITT 

BREATn- 

IKO 

RESERn: 

UTERfl 

BREATH- 

IKO 

IlESEEVE 

PER 

CENT 

MEDIAS¬ 

TINAL 

1 snrrr* 

DTSTNEA 

TOTAL 

UTEnS 

RATE 



t LEFT 

C.C. 

21 

1 rrt?oti. 

17.0 

lU 


■■■1 


0.0 



On exertion 


■iMUlUl 

1821 

20 




10.0 

58 

+ + 

None on 1 flight of 


1 









Ftairf 

12 

I’reop. ' 

36.8 

KB 

1160 

820 

330 

■arm 

72 


None 


2 wk. 

32.4 

KEH 


noo 




0 ! 

- 

13 

■VTimna 

60.4 1 

18 1 

EOlfl 

1430 


KWH 

74 




.■ml 


30 

mm 




70 

+ + 


14 





1460 

040 

■ESB 

85 1 








1000 


14.5 , 


-4- 

mKMIillmKM 

19 

I’reop. 

25.0 ' 



■HI 


lu.5 

42 


On wnlking 


2 -A, 

11.4 





3.2 

28 


At rt»t 

22 

i’reop. 

65iJ ' 


■m 



47.2 

SO 


None 


2 

27.0 

1 3G 

_ 


7.50 

20.0 

74 


- 


•A» HhOKpn by rocntecn eiQmlnatlon. 


Tolnnie of ventilafod air. Tliis lack of change resulted from adjustments of the 
remaining lung to the altered situation. 

Absorption of oxygen from the one remaining lung increased suflieicntly 
to meet the resting needs of the individual. Since oxygon absorption by tlie 
blood is a phj'sicocbomicnl pi-occs.s, the incrcn.se in oxj'gen absorption by the 
remaining lung of 80 per cent or more .suggests that there has been an increase 
in the volume of blood flowing through that lung per minute. Such an increase 
in volume could be accomplished in two wa.vs, by an increase in the rale of blood 
flow or by an inorcaso in the functioning capillary bed of the remaining lung. 
The latter is the explanation which has been advanced at separate times by 
Tigeratedt,” Wiggers,’" and Counmud." 

If the total eapillaty bed of the remaining lung does not change, and tlio 
functioning capillary bed increases ns is suggested by tlic oxygen absorption, 
then the reserve or nonfunotioning enpiUarj- bed of that lung is decreased. One 
could postulate that the reserve cai)itlnrT.' bed might no longer be ns adequate 
to meet an increased cardiac output or an increase in blood volume ns was the 
entire capillaiy bed of both lungs preopcratively. That the reserve of tho re¬ 
maining lung is not always adequate is suggested by the fact that 20 per cent 
of these patients with apparently normal hearts developed pulmonaiy edema 
■with the increased stress of tho first few postoperative days. However, re¬ 
covery followed treatment and tlierc has been no further evidence of pulmonary 
edema or heart failure in tliis greup of patients. 

The total volume of air ventilated per minute was changed insignificantly 
i^y pneumonectomy. Tliis constancy of the over-all picture was maintained 
by means of a slightly more rapid rale of respiration coupled with an increased 
volume of air taken in at each breath by the I'omnining lung. The increase in 
tho tidal volume of the nninvolvcd lung amounted to more than 100 per cent 
m a few instances. 

On the whole, one was unable to predict too aeeuratcly from tho maximum 
breathing capacity or the per cent breatliing reserve what the patient’s sj-mii- 
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toms Avith regard to dyspnea were. Preoperatively there were two patients 
with breathing reserves of 85 per cent and 86 per cent who had dyspnea on 
moderate exertion. On the otlier hand, there was one patient with a breathing 
resen^e as low as 67 per cent (17 L.) with no dyspnea. 

All of the patients, three with breathing reserves below 11 L., successfully 
tolerated the operative procedure. There was no correlation between the pre- 
operative breathing reserves and postoperative pulmonary edema when it oc¬ 
curred. 


Pneumonectomy did not necessarily change the amount of dyspnea ex¬ 
perienced by the patient during ordinarj’- acti^dty (not exercise). Five of the 
patients whose postoperative reserves ranged from 61 per cent to 70 per cent 
and whose x-ray films showed overdistention of the remaining lung, had no 
dyspnea except when huriyiug against a cold wind. They did, of course, have a 
decreased exercise tolerance, but their nomal actmties did not often cause them 
to exceed it. Eleven patients who had been dj^spneic on exertion preoperatively 
still had the same amount of dyspnea postoperatively. Their reserves ranged 
from 83 per cent to 56 per cent. They carried on their normal activities but 
performed tasks more slowly. An interesting olrseiwation on these patients 
was that although they did not complain of dyspnea they often had a noticeable 
increase in the rate of respiration when walking at a normal pace. One wonders 
if a patient with a pneumonectomy responds to increased oxygen need by an 
increase in respiratory rate rather than by an increase in the depth of respira¬ 
tion. One activity which seemed to cause definite dyspnea was the act of bend¬ 
ing over. Such an act limits the motion of the diaphragm. 

There were three patients in whom there was an improvement of effort 
capacity postoperatively. These indi^dduals had had bronchiectasis, and they 
gained in weight and strength after the removal of the chronically infected 
lung. In only four patients was there any marked increase in dympneic symp¬ 
toms after pneumonectomy and each of these patients had other factors in ad¬ 
dition to the pneumonectomj" wliich impaired the respiratory function, such 
as hemiplegia with partial paralysis of the muscles of respiration, extension 
of the carcinoma into the mediastinum and into the otlier lung, or severe in¬ 
fection. 


In summary, we have found that there may be remarkably little change 
in the over-all measurement of resting puhnonary function as a result of 
pneumonectomy. However, rather large compensatory changes do occur in the 
remaining lung; the resting depth of respiration may be as much as doubled, 
the minute volume may be tripled, and the oxygen absorption may be more 
than doubled to meet the resting oxygen demands of the individual. This, 
means that the one remaining lung can successfully compensate for the loss of 
functioning liing tissue caused by pneumonectomy in most instances with hut 


little increase in respiratory rate when the patient is at rest. 

This does not mean that pulmonary function is within noinial limits; m 
most of our patients it was definitely below normal, but it had also been below 
normal prior to operation. In most of the patients there was a lessened abihty 
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to increase the ventilation ol tlic lungs upon demnud, i.e., a decrease in the 
breathing rcsen’C. In fact, what inerense in ventilation there was on effort 
depended much more upon an increase in the rate of respiration than it had 
prior to pneumonectomy. However, the decreases in breathiug reserve were 
associated with subjective dy.spnea only if the indi\-idual was required to under¬ 
take some actinty requiring considcrnblc muscular effort, and since most pa¬ 
tients undergoing pneumonectomy were in the older age group, it was not often 
that their normal activities wore strenuous enough to cause this. The cases 
which showed considciuble functional impainnent after pneumonectomy usually 
had other factors complicating the postoperative course such as hemiplegia or 
spreading carcinoma. 

SUMMARY 

1. Pulmonarj- function studies have been compareel before and after 
pneumonectomy in twenty-four iiatient.s. 

2. Pneumonectomy produced little or no change in the over-all resting 
tidal volume, minute volume, and o.xygcn con.sumption of these patients. 

3. Pneumonectomy usually rerluecd the maximum breathing capacity and 
the breathing reserve by reducing the depth of respiration during maximum 
respiratorj- effort. 

I. This lack of change in over-all ivsting pulmonary function after pneumo¬ 
nectomy was duo to compensatory adjustments of the lemaining lung, namely: 
(a) an increase in tidal volume, (b) an inerense in minute volume, and (e) an 
increase in the oxygen uptake. 

5. There was little or no increase in the depth of I'csiiirntion of the re¬ 
maining lung duruig maximum respirator.v effort. What increase occurred 
in the maximum breathing capacity of the remaining lung was duo to an in¬ 
crease in the rate of respiration. 
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LACTATION FOLLOWING THORACOPLASTY AND 
PNEUMONECTOMY 


DA^^D Salkcs', M.D.,® Hopemont, W. Va., anb Edgar 
W. Davis, M.D., Washington, D. C. 

N ONPUERPERAL lactation has been described frequentlyd’ ® In the 
commoner instances it may occur for some months or years following 
weaning, at the time of the menopause, in cystic disease of the breast, in eases 
of ovarian tumors, and foUowdng removal of the ovaries. In the rarer eases 
it has been described folloiving titiUation and suckling of the breast in vir¬ 
gins, after a severe burn of the breast, in carcinoma of the pituitary gland, 
and at the time of menstruation. It has been described as occiu-ring even in 
men wdth disease of the genitals or folloiving prolonged suckling of the breast. 

But, to our knowledge, the litei’ature contains no reference to milk secre¬ 
tion follovdng sui'geiy of the thoracic cage. Since July, 1945, we have had 
ten such cases, the last one in June, 1948. The first one occurred following a 
primary anterior thoraeoplastj^ Nuie cases followed a thoracoplasty and one 
case followed a pneumonectomy. Undoubtedly other such eases have occurred 
but have not been detected. 

OPERATIVE TECHNIQUE 

Because the operations are a pidmarj’- factor in the production of lactation 
in this group, they wall be described in brief. Poiu’ cases followed a first-stage 
posterior thoracoplasty, two cases followed a second-stage posterior thoraco¬ 
plasty, three cases followed a first-stage anterior thoracoplasty, and one case 
followed a pneumonectomy. 

In the first-stage posterior thoracoplasty, a long peidscapular incision 
is made and the bony thorax reached by section of the latissimus dorsi, 
ti'apezius, and rhomboideus muscles. The origins of the serratus magnus mus¬ 
cle are separated from the upper fiAm or six ribs and the scapula and the an¬ 
terior chest wall are then retracted. The third and second ribs are removed 
subperiosteally up to the eariilage and including the associated transveme 
vertebral processes. The fii^st rib is similarly remoAmd including its cartilage. 
The periosteal beds are then formalinized and the Avound closed in layers 
Avithout drainage. The breast itself is not tramnatized directly although a 
Amrying degree of local trauma does occur to it and many of its nerve fibers 
from the intercostals are undoubtedly torn and injured. Some degree of sub- 
muscular serosanguineous fluid ahvays develops and may need occasional 
aspiration. 

In the second-stage posterior thoracoplasty (done about tiventy-one days 
after the flist stage) the bony chest cage is reached through the lower part of 
the sear resulting fi-om the first operation. The fourth and fifth ribs are re- 
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moved giibpcviostooUj’ up to the cnTtilagcs nnd the nssoeinted transverse verte¬ 
bral processes are resceted. The periosteal beds are forinalinlzed and the 
wound closed in 105 * 0 ™ without drainage, A moderate degree of acroaanguine- 
ous drainage oeeurs in the fiiut several daj'H poatojicralivelj*. 

In the first-.stage anterior thoracoplasty a porimammarj' incision is made. 
The bony chest cage is exposed bj* retraeting the breast and pcctoralis major 
muscle, and by freeing the origins of the pectoralis minor muscle from the 
ribs. Then long segments of ribs one, two, three, and four are removed sub- 
periostcnlly to about the posterior axillary line. The cartilage of the first rib 
only is removed. The pei-iosteal beds arc then formalinizcd and the wound 
eloswl in laj’ei’s without drainage. In these eases, the evidences of local trauma 
to the breast and skin are greater than in the posterior operation and there is 
usually a moderate amount of snhpcctoral serosanguincons exudate. 

In the pueumoncetomy patient a relatively short perLscapular incision 
was made fiom the level of the fourth rib iiosteriorlj* aronnd the scapula, and 
the sixth rib was removed subperiostcally. The pleural cavity was entered 
through the periosteal bed and the lung was removed. The wound was then 
closed in layers without drainage. There resulted a moderate degree of local 
trauma about the breast and the line of incision. 

CASK REI’OlriS 

Case 1.—E. G., No. 11454, waa a wliilo woman, 41 yenia of ogo. Blie had far-admneod 
palmonary tnbortuloaia prodomlaantly on the loft able with cxtcnalvo carltica ojctendlng from 
riba two to eight posteriori!'. Tho drat tliomcoplnaty stogo was done throagh an antero¬ 
lateral inclsioa andcr cyelopropanc-oxygon ancatlicain on July 27, 1045; long anterior seg¬ 
ments of the upper four rll« wore remorcrl subperiostenlly. The second stage was dorve 
through tho usual posterior apjironeh Aug. .10, 1045, under cyclopropane and tho posterior 
segments of tho upper flvo riljs were remove*!. Two more singes were done later with a total 
romoTal of ten ribs and closure of tlie eavilies*. 

The patient's mcnstrunl periotls Iwgnu at 1C ywrs of ago, and occutred tegaloily every 
28 days, lasting for five days. Sho Imd borne two eliihlrcn and had a considerable amount of 
breast milk eacli time. Tlic breasts bad now been dry for yenrs. At tlie time of operation tho 
patient was well nonrished, plump, and imd normal woll-doveloped breasts. Her height was 
85 inches, weight 161 pounds. Pelvic examinotlon rovealeil no abnormalities. 

Bhe had a normal period from Jidy 1 to 5. Tho first thoracoplosty was dono July 27. 
Bhe began to menstruate July 28. Tlireo dayn later (July 31) her breasts became fall and, 
an palpation, several cubic centimeters of creamy white free-flowing milk could bo eiprcefcd 
from both breasts, predominantly the loft. Tho snbooqnent menses and opomtions did not 
alfect tho lactation which continued for alwut six montlis. After two months the milk do- 
erenterl in amount and tho breasts beenmo dry in January, 1940. 

Case 2.—hL P., No. 11308, a 34. ymr-oUl white woman, hnil far-G(l\*nnccd bilatcml 
predominantly on llio left «iilc with an 8 cm. cavity extending from rib# three 
to leven posteriorly. The first tlionicoplnsty was an anterior stage done Nov. 16, 1D45, under 
®T^opropano-ox)'f'en nni'Hthcsia; llic anterior segnioata of tho upper four ribs were removed 
•ubperlosteaily. Tho second stage was dono sTan. 4, 1946, tlirough a posterior approach, and 
stage Jan. 24, 1046. A total of seven ril« was romovod with resulting cavity closure. 
Tlie patient began to raonstruato at 31 ymra of age, and liad a fairly regular 28-day 
with periods lasting 6 days. She has had three children, 15, 11, and 2 years of ago. All 
breast fed for thirteen months and sho had abundant milk. After cessation of breast 
coding tlio breasts became completely dry in sovcinl weeks. At the time of operation she 
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was well nourished, short and stocky (height 63 inches, weight 143 pounds), and had well- 
developed normal breasts. Pelvic examination showed normal findings. 

The patient had a normal menstrual period November 8 to 12. On November 15 the 
anterior thoracoplasty was done. Immediately afterward the left breast became enlarged and 
tlrreo days postoperatively she noted a fuUncss and soreness which she attributed to the op¬ 
eration. On November 20 about 400 c.c. of serosanguineous fluid were removed from the 
subpectoral space but the breast remained fuU and sore. On November 29, the patient awak¬ 
ing from sleep in pronation noted a large wet spot on her goum opposite the left breast 
Palpation resulted in the expression of thick, creamy milk from both breasts but predom¬ 
inantly from the left. One could collect 10 to 20 c.c. from the loft breast at any one time 
in a steady stream and about one-half as much from the right. ,She then felt (in retrospect) 
that she had probably had milk in her breast on the third postoperative day and was sure 
she could have expressed it had she realized milk was present. She also stated that her left 
breast felt as though it contained about one-half the amount of milk she had had when she 
nursed her babies. The lactation was unaffected by the next two operations or the subsequent 
menses. The breasts continued to have considerable milk for about eight months, then showed 
a gradual decrease. The left breast finally became dry twenty-seven months after the start 
of lactation and the right one after twenty-two months. 

Case 3.—F. C., No. 12175, a Negro woman, 32 years of age, had far advanced pulmonary 
tuberculosis predominant!}' on the left side with a 6 cm. cavity under ribs three to six pos¬ 
teriorly. The first thoracoplasty was done through the posterior approach on Dec. 11, 1945, 
under cyclopropane-oxygen-ether anesthesia and the upper three ribs were removed subperi- 
osteally. The second stage was done Jan. 26, 1946, under nitrous oxide-oxygen-ether an¬ 
esthesia. A third stage was done three weeks later and a total of eight ribs was removed. 

Her menses began at 13 years of age and occurred in a regular 28-day cycle, lasting 5 
days. She had been pregnant four times but miscarried each time in the fifth month. At no 
time did she have milk in her breasts, which were normal and well developed. Pelvic ex¬ 
amination revealed no abnormalities. 

The first thoracoplasty was done December 11, and the next day she began to have a 
normal period. Three days later (December 15) both breasts became full, especially the left 
one, and milk could be easily expressed from both. About 10 c.c. of tliick creamy-white milk 
could be expressed from the left side at any one time and about 5 c.c. from the right side. 
Pressure forced the milk out in a stream. The menstrual period ended December 17. The next 
two operations had no effect on the lactation and the subsequent menses wore normal. Both 
breasts continued to secrete milk freely for six months, then lessened gradually, and dried in 
twelve months. 

Case 4.—^L. J., No. 12125, a wliite woman, aged 32 years, had far-advanced pulmonary 
tuberculosis predominantly on the right side with a 4 cm. cavity under riba four, five, and six 
posteriorly. A right-sided thoracoplasty was planned. The first stage was done Jan. li, 
1947, through the posterior approach under Pentothal Sodium intravenously, followed by 
nitrous oxide, oxygen, and ether. Ribs one and two were completely removed and only the 
posterior half of the third. The second and third stages were done Feb. 7, 1947, and May 2, 
1947, under similar anesthesia. A total of eight ribs was removed and the cavity closed. 

The patient’s menses began at sixteen years and were irregular until after the first 
pregnancy. The cycle was 30 days, the periods lasting 4 days. She had tn'O children, aged 
13 years and 11 years. She had a considerable amount of mUk both times although she 
breast fed the first child only for tliree months. Her breasts had been dry for more than 
ten years. At the time of the operation she was well nourished and of normal build (height 
67 inches, weight 120 pounds). The breasts were normal and pelvic examination showe 
normal findings. 

Her menstrual period began January 12 and ended January 16. The first thoracoplasty 
was done January 17 and on January 19 the breasts became full and sore, and milk cou c 
be expressed. About 5 to 10 c.c. of creamy wliite milk coiild be easily expressed from 
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loft breost (opposite to tho side opomtcd upon) nnd nbont 3 to 5 c.o* from tlio riglit one. 
The snbiHjqaent opomtionfl nnd nicnjic* Imd no effect ujKin the lactation although both the 
second and tiiird stages were dono one day prior to her menses. In August, 1947 (seven 
montlis later), only 4 c.c, thin yellowish milk could bo expressed from tho left breast and 2 
c.t, thick creamy milk from tho right one. Tho quantity lessoned gradually nnd in December, 
1W7, both iTTCasts l)Ocnmo dry after lactatinp for eleven montlis. 

Cask 5.—E, 11^ No. 12572, n 28-ycnr-old white woman, had far-advanced pulmonary 
tuberculosis predominantly on tlio left side with a 4 cm. cavity under ribs threo to five pos¬ 
teriorly. A left thoracoplasty was done. Tho Hist stage wns performed March 21, 1947, 
through tho posterior route under cyelopropnno-oxygen-ether anesthesia. Two more stages 
wore dono later. A total of seven riba was rcmovo<l and the cavity closed- 

The patient’s menses Tnrie<l from 23 to 30 dojTi nnd lasted 4 dajTi. She had one child, 
aged 4 years, who had been bottlo fed although tho patient Imd considomble breast milk. The 
breasts dried completely in six weeks. Tho patient %vnB tall and slender (height C7 inches, 
weight 117 ponnds) hut bad uTll-developed breasts. Pelvic examination showed normal 
findings. 

Tho first thoracoplasty wns done starch 21; on ilarcli 23 her period began, end on 
March 25 milk was oipresscd from her breasts. She felt that tho next two operations in¬ 
creased tho fullness In l>oth breasts slightly. Tho next period began April 20 and tho one 
following on July 14, For tlio first week there was more milk in the left stdo, then tho right 
on© presented more and continae<l to do so. Oao could express 5 to 16 e,c- of creamy milk 
from each breast easily, and they would often drain spontaneonsly. In August tlio milk les- 
wned in amount and in Doccml>cr, 1947, both breasts 1>ernmo dry after a lactation period 
of nine months. 

Cast 6 . —E, C., No. 12099, a Ol-ycar-old Negro woman, had far-advaucod pulmonary 
tnborculosU predominantly on Uio left side with a 7 cm. cavity under ribs tlireo to six pos¬ 
teriorly. A first-stage left thoracoplasty wns dono by tho anterior route Mny 24, 1047, under 
Pentothnl Sodium, nitrous oxldo-oxj'gon-ethcr, and tho anterior segments of tho upper four ribs 
wore removed. Tho second stage wus a posterior ono and a-as done Juno 20, 1947, under 
cyclopropane, Tlie third stage ^ra8 dono July 11, 1047, under nitrous oxide, A total of eight 
ribs was removed nnd tho cavity clof^l. 

Tho patient's menses began at 16 years and were very irregular for the first six years 
hut then became regulated in a 28 day cycle, lusting 6 days. She had been pregnant twice, 
at ages 18 nnd 27 years, but aborted both times at threo mouths. There was no lactation. At 
the time of her ojwration she ^^vs 00 inches tall and weighed 112 pounds. She was short 
and stocky and had normal well-dov’clopod breasts. Pelvic examination was normal. 

8ho began to menstruate May 17 nnd tho perio<l ended May 24. The first thoracoplasty 
was done May 24. The next day tho left anterior tliorncic wall became swollen due to the 
operativo trauma and subpoctoral fluid. On May 27, the enlarged left breast became sore, 
ami milk could l)e expressed. There w-as no milk In the right breast. Tho next two opera¬ 
tions nnd menses had no ofTect on the lactation. Ono could express from 5 to 10 c.c. milk nt 
any ono time from tho loft breast. The right one was dry nt all times. She continued to 
accrete milk until .Tauuary, 1048, a i>eriod of seven months. 

Cask 7.—L. D., No. 12008, a Negro woman, 22 years old, liad far-advanced pulmonary 
tulwrculosis predominantly on tho left side with a 4 cm. cavity under ril>8 four to six pos¬ 
teriorly. A first-stage posterior thoracoplasty was dono May 23, 1947, under Pentotlml 
Sodium, nitrous oxlde-oxygen-cther anesthesia with removal of the upper three ribs. The 
•econd stage was done Juno 20, 1947, under cyclopropono-oxygen-etlier anesthesia with re¬ 
moval of ribs four and five. The third stage was done July 11, 1947, under Pentotlial Sodium, 
nltroui oxide-oxygon-cthcr anesthesia with removal of ril)s six, seven, and eight. The cavity 
then closed. 

Tho patient’s menses l>egnn at 14 years of age, recurring at intervals of 25 to 35 days, 
and lasting 6 or 7 days. She was not married but admitted having had sexual contact since 
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the age of 17 years; however, she denied ever having been pregnant or having missed a 
period. She had never noted any secretion in the breasts. She was 65 inches tall and weighed 
115 pounds. The breasts were nulliparous and well developed. Tlie pelvic organs were normal 
on examination. 

She had a normal period from May 4 to 10. The first-stage thoracoplasty was done 
May 23. No lactation occurred. The second-stage thoracoplasty was performed June 20, her 
period began June 22, and the next day both breasts became full and sore, and one could 
express several drops of milk from each breast. The period ended June 29. The next op¬ 
eration done July 11 produced no effect on the lactation. The next period occurred July 15 
to 22. 

Both breasts showed an equal amount of milk. One could express about 5 to 8 c.c. of 
freely flowing creamy mUk during one or two minutes. Once, while she was lying face down¬ 
ward, some milk ran ont spontaneously on the sheet from the right breast. In September, 
1947, one could express only several thick drops of creamy mUk from each breast. In Janu¬ 
ary, 1948, both breasts became drj’, after a period of seven months. 

Case 8.—B. P., No. 12724, a 22-year-old Negro woman, had far-advanced pulmonary 
tuberculosis, predominantly on the right side with two cavities measuring 3 cm. to 4 cm. under 
ribs four to seven posteriori}'. A first-stage posterior thoracoplasty was done June 20, 1947, 
imder cyclopropane-oxygen-ether anesthesia with removal of the upper tliree ribs. A second 
and a third stage were done July 11, 1947, and Aug. 8, 1947, under Pentothal Sodium, nitrous 
oxide-oxygen-ether anestliesia. A total of eight ribs was removed and the cavities closed. 

The patient’s menses began at 11 years of age with a 28-day cycle, lasting 5 days. The 
patient was single and denied ever having had sexual contact. She was of moderate buUd 
and height, and showed well-developed normal virginal breasts. A pelvic examination was 
not done but a rectal examination showed normal findings. 

She had a normal period May 24 to 29. The first thoracoplasty was done June 20. A 
normal menstrual period started Jime 21, the breasts became tender June 22, and mUk could 
bo expressed from both breasts June 23. The menstrual period ended June 26. The second 
thoracoplasty was done July 11, and the menses occurred July 24 to 29. The third operation 
was done August 8 and the following period occurred August 23 to 28. The second and third 
operations and the following menses had no effect on the lactation. 

The second day following the operation of Jime 20, the left breast became very tender 
but was normal in size. The right breast on the side operated upon was swollen due to some 
subpectoral fluid and operative trauma. The next day one coidd express several drops of nulk 
from both breasts on several occasions. The milk was creamy and thick but was freely 
flowing. The right breast contained more milk than the left. Following the third operation 
the milk decreased in amoimt and, at that time, the right breast yielded several drops of thick 
milk and the left breast two or three drops of thin milk. By Sept. 18, 1947, both breasts were 
dry, after a period of three months. 

Case 9.—^P. P., No. 12700, a 20-year-old Negro woman, had a far-advanced pulmonary 
tuberculosis. The left side was clear but the riglit side showed extensive disease throughout 
and a 4 cm. lower-lobe cavity under ribs seven to nine posteriorly. She was considered a 
favorable case for pulmonary resection. A right pneumonectomy was done May 23, 1947, 
under Pentothal Sodium, nitrous oxide-oxygen-ether anesthesia. A posterior periscapular 
incision was made extending to the anterior axillary line, the muscles were freed, and the 
sixth rib was removed subperiostenlly; the pleural cavity was entered and the lung removed. 
This was followed later by a two-stage thoracoplasty. 

The patient’s menses began at 13 years of age, recurred every 28 to 35 days, and lasted 
about 3 days. She was married at 19 years of age and had had three pregnancies. Follow 
ing the first two pregnancies she had only a small amount of milk for several weeks but fol 
lowing the third, which resulted in a miscarriage and fetal death in 1944, she had a con 
siderable amount of milk. However, the breasts dried in several weeks. She was 62 inches 
tall and weighed 103 pounds. The breasts were small but normal. Pelvic examination pre 
sented normal findings. 
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She had a normal period April 26 to 29. The riglit pneumonectomy waa done May 23, 
tho mcnatrual period Ixjgnn May 24, the left brenat l>ocnmc pore and full on May 20. Un¬ 
fortunately it was not palpated for pocrctioiip. Tho poriotl ended May 27. Another period 
began on July 1 and ended on July 4, and on this date tho loft breast again became sore and 
full and, on palpation, yielded about 3 c.c. creamy white milk. Tho right breast (the side 
operated upon) wns dry. Tho patient states Uiat (In retrospect) she was sure that she had 
had milk in tho left breast on ^tny 20, throo days postopemtivcly, because it was sore and 
tender and felt **fulL" Tho subsequent thoracoplasty operations and menses did not affect 
tho Inctatlon. One could express 2 to 6 c.c. milk from tho left breast several times daily 
but none from tho right one. Milk nns present until January, 1018, a i>eriod of nl>out seven 
months. 

Case 10.—M. T^, No. 12878, a whllo woman, aged 44 years, had far-advanced pulmonary 
tuberculosis with n 4 cm. cavity under ribs three to five posteriorly on the right side, A first- 
stage posterior thoracoplasty was done May 0, 1048, under Pcntothol Sodium, cyclopropone- 
oxygen-ether, and tho first, second, and posterior half of tho third ribs were removed. Tlie 
second stage nn* done May 28 with removal of tho anterior Imlf of tho third rib and the 
entiro fourth and fifth ribs. The third stage was done .Time 21 with removal of ribs six 
and seven. Tho cavity then closed Tho oncsthesln for tho second and third stages was 
similar to that used during tho first operation. 

Tho patient’s menses began at 10 years and had been of a regular type, every 28 days, 
lasting 6 days. In the last 4 years, however, they had been irregular and would occur any¬ 
where from two to six weeks. Slio wns married at 10 yenra and had had four pregnancies. 
Throe wore full term and one was an abortion at three months. One infant died in three 
weeks from “croup" but the other two did well and were nursed for 11 and 10 months, re¬ 
spectively, She had had an adequate supply of milk. Following weaning, the breasts dried 
In two months, and had been dry for ton years. Before her operation she was 07 inches tall 
and weighed 140 pounds. Tho breasts were normal and pelvic examination was normal She 
stated that she had never had any soreness or fullncas in tho breasts prior to her menses. 

She had ono period from May 1 to 5. The flrst-it&ge thoracoplasty was done May 0. 

palpation of tho breast revealed no secretions. Tho next period began May 21 and 
ended May 25. The second thoracoplasty was done May 28 and on Juno 1 palpation revealed 
milk ia both breasts. The tlilrd operation was dooo June 21 nnd she began to menstruate 
June 22 but the lactation was not affected. Tho patient had no fullness or tenderness of the 
hrensts nt any time. However, palpation yielded white emuny milk—about 4 to 8 c.c, from 
the right breast daily and about 8 to G c.c. from the left. At tho present timo (BopL 1, 1948) 
tho patient still yields similar amounts dally. 

SUMMARY OF CASE REPORTS 

The ten patients varied from 22 to 44 years of age and represented a nor¬ 
mal cross section of height, weight, and body build. Tlic breasts in all were 
"well developed and showed no ni)norTnalitie8. The other sex chamcterislics 
were normal. Apart from tubercnlosis they had no systemic disturbances with 
the exception of ono patient who had hod syphilis and had been treated sne- 
cessfully. Five patients wore white and five NcgiT), giving a relatively high 
percentage of Negro patients, since they fonned only about 10 per cent of our 
thoracoplasty cases. Kight patients had hceii pi-egnant and only one denied 
sex contact. Their lactation history was normal as a group. 

The amount of milk varied from several drops to 15 c.c. expressed at any 
time, and the daily production varied from 5 to 25 c.c. In all cases, the secre¬ 
tion showed the color, consistency, and taste of milk or creamy milk. In 
three patients, the milk flowed spontaneously on several occasions. The color 
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and creaminess varied fi-om one patient to another and from one time to an¬ 
other in the same patient. It showed an occasional variation in the two 
breasts. In five of the patients, milk secretion would not have been detected 
if proper palpation of the breast had not been done or if there had been no 
pressure on the breasts. 

Table I summarizes the features of the lactation with respect to the 
amount of milk produced by each breast and the duration of the lactation. 
One patient had bilateral and equal milk secretion; five patients secreted more 
milk from the breast on the side operated upon; two patients secreted more 
milk from the side not operated upon; one only on the side operated upon; 
and the pneumonectomy patient only from the side not operated upon. The 
duration of secretion varied from three to twenty-seAmn months, Avith an 
average of about ten months. 

Unfortunately, a sufficient number of detailed milk analyses Avere not 
made. The secretion had a millcj’- or creamy taste and “soured” on standing 
for a day. Numerous fat globules Avere present microscopically and by stain. 
Analysis of the pooled sample done by the late Dr. P. L. MacLaehlan of the 
Biochemistry Department shoAved the presence of protein, lactic acid, and 
large amounts of fat containing unsaturated fatty acids. When soured and 
shaken A\dth Avater a precipitate occurred AV'hieh resembled butter, and Avhich 
Avas highly soluble in chloroform and absorbed iodine. The milk of Patient 
M. L. (Case 10) shoAved 2.6 per cent butter fat, 4.96 per cent lactose, casein, 
and reducing sugar. 


Table I. Features op the Lactation 
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SALKIX AND DAVIS: LACTATION AFTKR TIIORAGOPLASTV, DNEUIIONECTOMY TlST 
UNIMPORTANT FACTORS 

The pnticiils vai'ied in lieiglil from CO inches to C7 inches nncl in Aveight 
from 103 to 161 pouiida; two jmtients rvere slender in build, four were of 
medium build, nnd four iverc of stocky build. The brensts in nil were well 
developed nnd iiormnl. None hnd other systemic discnscs or extrapulmonnry 
tuberculosis. The diet Avn.s rcgulnr nnd somcwhnt high in protein. The blood 
counts, blood ty])e, Rh fnetor, nnd blood congulntion factors wore not signifi¬ 
cant. The urinnlyscs Averc normnl in nil eases. Preoperntive mediention in¬ 
cluded barbiturates nnd Dilnudid. Seven patients hnd oyclopropnne-oxygen- 
ether nnesthesia nnd three hnd Pentothnl Sodium intravenously, folloAved by 
nitrous oxidc-oxygen-ether. During the operntion, blood, saline, nnd glucose 
Avere given to nil patients. Stimulants Avcrc used in only two cases and in¬ 
cluded Adrenalin, cortin, ephedrinc, nnd Neosynephrin. Postoperativoly, 
narcotics, sedatives, nnd iienieillin AA-crc used. Rnrly ambulation Avas prac¬ 
ticed nnd the patients Averc encouraged to get out of bed one to three days 
poatoperntively. The postoiiemth-e fever was Avithin expected limits. The 
dres.sing appeared to have no pres.sure effeets on the brensts. 

IMPORTANT FACTORS 

All patients Avere in the netiA’c menstrual age. The five Negro Avomeu 
formed an unusunlly high pcrcentngo ns the great majority of the operations 
Avo have done have been on Avliitc AA'omen. The three anterior thoraeoplnsties 
also formed a relatively high number as this tjTio of oiierntion is done in less 
than 10 per cent of our thoracoplasty cases. Seven cases folloAved the first- 
stage thoracoplasty nnd tAvo folloAved a second stage. 

The extent of surgical trauma is undoubtedly great and is to be expected 
foUoAving the section nnd freeing of so many largo muscles nnd the suli- 
periosteal removal of the ribs. There is ahvays some collection of sero- 
snuguineoug fluid submuseulnrly. The skin may occasionally shoAv evidence 
of bruising. The processes of repair go on for some months. The breast tis¬ 
sue is not directly traumatized nnd the indirect trauma (retraction) is not very 
great Undoubtedly, there must be considerable trauma to the intercostal 
nerves and fine branches although no paresthesias or anesthesias Avere noted. 

When all the possible etiological factors are reAdcAved, the three that are 
most prominent arc the day of the operntion, the date of the menstrual onset, 
and the date of lactation. Table IT shoAvs the relationships betAveen them. In 
all cases, lactation folloAved the oiicmtion in tAvo to four days—tAvo days in 
one case, three days in five cases, and four days in four cases. In six eases the 
expected menses began one or two days after the operation. In four cases 
the menses occurred seven days, seven days, seven days, and five days prior 
to the operation nnd Avere completed three days, three days, tAVO days, nnd 
one day prior to the operntion. The last day of the period appeared to have 
no significance. 

TIIEORETICAL CONSIDERATIONS 

Sinee the menstrual cycle, lactation, and the operation are closely con¬ 
nected, the physiology pertaining to them Avill be reviewed briefly. There 



588 


THE JOURNAL, OF THORACIC SURGERY 


is SO much disagreement at present regarding the status and action of the hor¬ 
mones that only the more accepted Adews will he mentioned.'*’ ** 

FolloA\dng the onset of the menstinal period, the pitnitary gonadotrophin 
acts first upon the ovarian follicle to produce estrogens and maturation of the 
OAUun and later upon the corpus luteum to produce progesterone. The pituitary 
then becomes inactive due either to an innate rhythm or to an inhibition by 
the high estrogen leAml. This is followed by a rapid drop in the production 
of the ovarian hormones, and memstruation begins. During the premenstnial 
phase the breasts become enlarged and tender, and the ducts and alveoli pro¬ 
liferate and show some serous secretion. The estrogens develop the ducts and 
the progesterone the ah’eoli. When the menstrual period begins the breasts 
shoAV regressiAm changes Avhich continue for about a Aveek. Although there is 
no mention of lactogenic hormone being formed during the cycle some recent 
experiments suggest that a lactogenic hormone may" be necessary" for the de¬ 
velopment of the corpus luteum.* 


Table II. Time BELA'noNSHirs Between" -raE Day of the OrERA'noN (0), Beginning of the 
Menstrual Period (M), and Beginning of LuActatton (L) 
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When pregnancy occurs, the chorionic tissue produces gonadotrophin, 
estrogen, and progesterone. The last tAvo hormones increase to a veiy high 
level, particularly in the terminal phase of pregnancy, and their production 
may reach a height of 20 to 50 times that seen maximally in the menstrual 
cycle. PolloAring the removal of the placenta the hormones disappear Avithm 
several days. 

As a result of the stimulation of the mammary" glands by the estrogen 
and progesterone during pregnancy, the ducts and alA"eoli show hyp^iT^^sia 
and hypertrophy and, toAvard the end of pregnancy", become filled Avith a 
secretion resembling colostrum. True lactation appears three to four days 
following childbirth. It is belieA"ed that the drop m the estrogen level folloAA"- 
ing childbirth stimulates the pituitary to produce lactogenic hormone. The 
lactogen then initiates lactation in a pi*operly prepared breast. Once starte , 
the continuation of lactation is maintained by the mechanical act of suckling 
which stimulates the pituitaiy through the nerve pathways and causes furthei 
production of the lactogenic complex of honnones. 
































SALKIN AND DA\TS: LACTATION AFTER TnORACOPL.VSTY, PNEDIIONECTOIIY 589 

It is to be noted tbnt the eni-vcs for gonadotrophin, estrogens, and pro¬ 
gesterone hare many similarities during tlic menstrual eyele and during preg¬ 
nancy, although the former ore on a much lower level. The role of lactogen 
in the menstrual cycle is not clear. 

As mentioned, postpuerpernt lactation is initiated hy the laetogenio hor¬ 
mone in a breast properly prejinrcd and developed hy estrone and proges¬ 
terone; it is maintained hy the further production of lactogenic hormones ns 
a result of stimulating the pituitniy hy the neurogenic mechanical act of 
suckling. One may conjecture that if the breast tissue were adequately pre¬ 
pared and if the neurogenie stimulus were sufficiently powerful, lactation 
might occur even during the menstrual cycle. Such an adequate prepara¬ 
tion of the breasts may result from cither an unusually high estrogen-proges¬ 
terone level, a breast tissue unusually sensitive to normal levels, or both fac¬ 
tors. The lactogenic honnonc factor may he present normally during the 
menstrual cycle and he enhanced hy the neurogenic stimulus, or a powerful 
neurogenic stimulus may in itself cause the pituitnrj' to produce the hormone. 

In this group of ten cases, no hormonal assays were made and we do not 
know whether these patients had a high estrogen-progesterone level or 
whether the breast tissue was unusually sensitivo to normal levels of the hor¬ 
mones or whether both factors were present. The neurogenic stimulus to lac¬ 
tation was presumably supplied hy the operation with its attendant stimula¬ 
tion of the nerve endings in the breast. The glandular elements are supplied 
l)y the fourth, fifth, and sixth intcreostals and the accompanying sympathetic 
fibers; the skin is supplied hy the anterior and lateral cutaneous branches of 
the second to the fifth intcreostals and the supraclavicular branches of the 
cervical plexus. The maintenanco of lactation for some months may he ex¬ 
plained by the continued mochnnicnl stimulation of the nerves hy the processes 
of repair. 

Smeo only the honnoncs usually present in the menstrual cycle are in¬ 
volved and since the operation (neurogenic factor) resulted in milk secretion, 
it is highly probable that lactogenic hormone may be present normally dming 
the menses. Ordinarily, the lack of lactation during normal menses may be 
due to the small amount of lactogen, the lack of adequate preparation of the 
breast tissue, or both. 

On the basis of this theorj' the secondai-y factors of significanoc will bo ex¬ 
plained. The high proportion of Negro women suggests that they have either 
a higher hormonal level or a more sonsitivo breast tis.sue, or both. The oc¬ 
currence of lactation among both parous and nulliparous women and even in 
a virgin shoivs that no hormones other than those occurring normally in the 
menstrual cycle probably take part in the production of lactation. The high 
proportion of anterior thoracoplasties in this series is due probably to the 
fact that the damaged nerve fibers of the breast are more intenselj' stimulated 
m them than in the posterior operations. Seven out of the nuie thoracoplasty 
patients lactated folloAving the first stage at which not only the first, second, 
and third rilis were removed but in which the seiTatus magnus origins were 
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separated from the upper five ribs, thus disrupting many of the neive fibere 
to the breast. In two patients the first thoracoplasty operation did not pro¬ 
duce sufficient neurogenic stimuli but the subsequent second stage apparently 
added enough stimuli to cause lactogenic production and secretion of milk. 
The low incidence of lactation in pneumonectomies is due probably to the fact 
that the nerve fibers to the mammary glands are only little disturbed either 
directly by the operation or indirectly later by the exudative and reparative 
processes. It is more difficult to explain the exact mechanism which occurred 
in Cases 2, 4, 6, and 10 in which the menses began and ended prior to the op¬ 
eration. It is possible that in them the level of ovarian hormones was still 
high during the menstrual period and dropped just before the operation. 
This theory may also explain some of the abnormal causes of lactation 
mentioned in the first paragraph in which the neurogenic factor is represented 
by such trauma as titillation and a burn. 

SUMMARY 

1. Ten cases of lactation are descnbed in nonpuerperal women following 
thoracic operations. Nine followed extrapleural thoracoplasty and one fol¬ 
lowed a pneumonectomy. 

2. It is believed that the explanation of the lactation lies in the same 
hormonal factor present during the normal menstrual cycle, pregnancy, and 
lactation. 

3. The lactogenic hormone factor usually resulting from the mechanical 
stimulation of the nerve fibers of the breast by the act of suckling was sup¬ 
plied, in these cases, by the operation. 

4. It is possible that lactogenic hormone may be present normally during 
the menstimal cycle. 
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THE SURGICAL 51ANA0EMENT OF PULMONARY 
COCCIDIOIDOMYCOSIS IN FOCALIZED LESIONS 

Sam J. Qrker, JI.D., Ann Aruor, Mich, (nv invitation), and 
Colonel Jaiies II. Porsee and Colonel IIuqh W. Mahon (uv invitation), 
Medical Cords, Denver, Cow. 

C occidioidomycosis is n liiglily infcotioas lungus discnse with wide¬ 
spread endcinio areas in West Texas, New Mexico, Arizona, Southern Cali¬ 
fornia, and the San Joaquin Valley of California. Almost all of the reported 
patients from Nortli America have either visited or lesidcd in one of these areas, 
but since vast numbers of soldiers wore trained in these regions, patients who 
contracted the disease while in the Armed Services are now lieing discovered 
throughout tlio countiy. 

The disease exists in a primaiy form which is usually self-limited and in 
a disseminated form which is fatal in almost one-halt of the cases. The primary 
form is a disease of the respiratory system. It occurs from eight to twenty-one 
days following exposure.’ Symptoms are present in only 40 per cent of the 
cases. If symptoms occur, they may bo very' mild and mistaken for a common 
cold or they may he severe witli malaise, fever, chest pain, productive cough, 
and hemoptysis.’’ *’ ■* Even if tlicro arc symptoms, there may bo no demon- 
rirable chest lesion and only about one-fourth of the patients develop the disease 
m a form characteristie enough to he diagnosed clinically.’ When a pulmonary 
lesion is present, it is at first inflammatory and if it heals at this stage there is 
no residual lung pathology'. A few lesions progress from inflammation to sup¬ 
puration and granuloma formation and since these lesions ai’e destructive in 
nature they produce scar tissue when they heal. All of these lesions do not 
heal promptly. They may progress and spread to produce the disseminated 
form of the disease or they may form a focalized pulmonary infection either by 
remaming ns a deflnite granuloma or by excavating to form a cavity. These 
focalized lesions may exist long after the initial acute pulmonary disease has 
subside d and are the most common form of the disease seen outside the endemic 

Anny.^'^^v^* Laboratory Serv'lcea. FiUalmona General Hospital, nnlted Statea 
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areas. Cavitation occurs in approxiifiately 5 per cent of the clinically diagnosed 
eases.®’ * Most of the cavities probably close within several months if the patients 
are confined to bed. Some pei-sist after prolonged bed rest, phrenic paralysis, 
pneumothorax therapj^ or artificial pneumoperitoneum. Cavities may recur sud¬ 
denly after closure has taken place, and even if cavitation persists, the patient 
can usually lead a normal life with few syomptoms.®’' Chronic focalized solid 
lesions are more common than cavitation during the acute phase of the pri¬ 
mary^ disease, but most of these lesions regress completely or become inconspic¬ 
uous on roentgenograms.® We have seen the large pulmonary granulomas less 
frequently’- than cavities. 

Dissemination occurs in only one infection in 400.® When it does occur, 
it is usually as a progression of the primary'^ fonn of the disease v’ithout signifi¬ 
cant regression of the initial symptoms. The syunptoms become more severe 
with fever, weakness, and weight loss predominating. Suppurative and granu¬ 
lomatous lesions may^ spread in the lungs or throughout the entire body. Dis- 
semuiation sometimes occurs after the primary^ infection has subsided, but ap¬ 
parently as the asymptomatic period grows longer, the probability’ of dissem¬ 
ination becomes less even in eases in which definite lesions persist.®’ ® 

PRESENTATION OF CASES 

We have perfonned surgery on a total of thirteen patients having cocci¬ 
dioidal infections with focalized pulmonary’ lesions. Nine of the patients had 
persistent cavitation for which lobectomy was perfonned and four had rounded 
granulomatous lesions which were removed by’ wedge resection of the lung. AH 
of the patients were soldiers or veterans and either had been stationed m 

endemic areas or had visited these areas. They’ were all white men; the y’oungest 

* 

was 22 and the oldest 36 years. 

The four patients -with persistent granulomatous lesions in the puhnonarj’ 
tissue were not ill at the time of operation. The lesion was discovered on a 
routine chest roentgenogram in each case, although two of the patients gave a 
history of episodes of pleuritic pain on the side of the lesion and had been 
bothered by’ mild chronic productive coughs. The other two patients had been 
asy’mptomatic. The diagnosis was not established preoperatively in any of the 
four cases, although coecidioidomy’cosis was suspected in three. 

The nine patients -with persistent cavitation were all symptomatic. They 
complained of a chronic cough which was productive except in one instance, hut 
in no case was the cough severe and none of the patients produced more than 
one cupful of sputum daily. Eight of the nine patients complained of weakness 
and fatigue, often to a marked degree; it was the chief complaint in four of 
the eases. The pain was always of a pleuritic nature, was intermittent, and was 
usually severe w’hile present. Dyspnea, was complained of by six patients hut 
it was mild in five of these cases and only moderate in the sixth. When hemop¬ 
tysis occurred it was never severe but, on the other hand, there was usually 
more than tingeing of the sputum. All of the patients presenting this symptom 
had expectorated from one ounce to one cupful of bright red blood upon several 
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different occasions. Three patients hod chronic low-grade fever with periods 
of intermission but elevations above 101® F. were rare. Weight loss was a 
symptom in the same group that liad fever; they had averaged approximately 
fifteen pounds loss. Six of the patients complained of symptoms which would 
not allow normal activity. Tliese incapacitating s 3 Tnptom 8 had been evident 
from twelve to sixty-four months and hospitalization had been necessary an 
average of one year pnor to surgeiy. All six of these patients complained of a 
persistent weakness and fatigue, and five had frequent episodes of hemoptysis. 
The chief complaint in four of the patients was case of fatigue, while the other 
two complained of frc<iucnt episodes of hemoptysis in which 50 to 250 c.c. of 
blood would l)e expectorated. Tn addition, four of these patients had frequent 
episodes of pleuritic pain and three had elironic low-grade fever. Two case 
histories illustrate the ohametcristic course of the disease in patients having 
lol>octomy. 

Case 1.—TIiIb 29-yoar*old aoldler wtw bom in Bo\do, Texaj, bat newr in an endemic 
area until early in 1040 ^Uon ho vialted Weat Texna. While in this area ho in a sand¬ 
storm, In July, 1940, ho had the sudden onset of pleuritic pain in the left chest and produced 
some blood'tinged sputum. A roentgenogram of tho chest ims reported bb normal and the 
sjTnptoms regressed in a fcir days. He continued to have plourltie pain intermittently and a 
chert x-ray picture tnlcen in Kovember, 1040, sliowed cavitation in tho left mid-long field. 
He was hospltnllted, tho pain increased in intensity, and despite bed rest the cavity in- 
trensed in siie and the liomoptyscs became more frequent and more severe. On several dif¬ 
ferent occasions he producetl ns mucli as one cupful of bright red blood. Ho developed a 
eoogU which wns productive of IG to .*10 c.c. of gray sputum doily. Many sputum examina¬ 
tions were negative for acld-fost barllU but positive cultures of Ck>ecidioidei immitis wore 
obtained repeatedly. BotJi tho tuborcuiln and tho coeddioidin sldn tests were positive. His 
poor response to bed rest over a period of seven months wns thought to be sufficient reason 
for resection of the lesion, and the left upper lobe was removed July 1, 1947. At operation 
pleural adhesions were noted overlying tho area of cavitation. 

The patholo^c examination of the excised lobe revealed a cavity which measured 0 
hy 3 by 3 cm. A bronchus comraonicoted with tho cavity but this was plugged with necrotic 
tissue and the cavity contained air under prespure. Tho Inner wall was of a caseous and 
necrotic nature nud there were several areas of granulation tissue in the wall. The outer 
wall of the cavity was composed mainly of fibrous tissue. There were many small nodules 
palpable througbout the lung tissue. On microscopic examination mycelial forms of tho 
fangus were seen but there \vcre no spherules present. There was a chronic granulomatous 
pneumonitis In the surrounding lung, and nearby bronchi were In\*oived In a chronic suppura¬ 
tive bronchitis. The multiple small nodules palpable in the lung were grannlomatous foci 
hat no fungi were seen in any of thorn. He had some atelectasis of the left lower lobe on 
the second postoperative day but he responded well to bronchoscopic aspiration. Tlio lower 
lobe expanded to flU the entire left thoracic cage and ho was returned to duty two months 
following surgery. Tan months after operation the patient was asymptomatic and doing 
general military dntj-. 

Cabi: 2.—This 24-year-old white man was bom in Minnesota. He was stationed In an 
endemic area of Arixons. from October, 1948, until March, 1944. One year after leaving 
this area he developed a dry cough and two months later ho first noticed blood-tinged sputum. 
In July, 1945, while overseas there was a gross hemoptysis and he was hospitalised. At tliat 
time he was ten pounds underweight and he complained of wenlmess and ease of fatigue. 
X-ray examination revealed a cavity in the right nppor lung field measuring 1.5 to 2.6 cm. 
He arrived nt Fitxsimons General Hospital Aug. 20, 1046. At that time there was no 
hernoptysis but he still had a chronic nonproductive cough and complained of marked fatigue. 
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On repented oinminntioni C. fmmifta wn? cultured from tho spoluni end no acid-fust bacilli 
could be found, lie was trunafcrnsl to another hospital in August, 1045, nhere dosplto bed 
rest tho sputum again becamo blood tinged, and on three occasions In tho next four 
months ho liad episodes of gross hemoptysis. lie continned to liavo a chronic low-grade fever. 
Ho was tranaforred back to Fitrsiraona Qonoml Hospital Feb. 27, 1040 (Fig. 1). At this 
time tho cavity was undmnged, the coccldloidin skin test was ^vcakly positive, and tho blood 
serology* was reported as being positive but of low titer, indicating that tho process was 
^vcU localixcd. Becanso of the pcrsistenco of severe symptoms after nine months hospitallxa* 
tlon, it was decided tlrnt n lolvectomy should bo performed. Tho right upper lobe was re¬ 
moved April 22, 1940 (Fig. 2). At tho time of operation pleural adhesions were cncoantore<l 
over tJic area of tho cavity. No abnominlity was noted in the remaining lower and middle 
lobes. On gross examination the cavity measured 2Aj by 2.6 by 3.6 cm. It was empty except 
for a few drops of mucoid nxntcrial. THrcct oxandnation of this material revealed mycelial 
forms of C, with clilnmydosx>orC9, and cultures were positive for C. immitis. On 

examination of the prepared slides both forms of tho fungus were seen. There were numerous 
miliary nodules in tho surrounding lung tissue which were composed of central giant cells 
with surrounding epithelioid cells. No fungi were obscrvotl In these arena. There was mucli 
hbrosls about the lesion. Tho lining of the cavity was composed of squamous metaplasia 
epithelium, ciliated epithelium, granulation tissue, and cnaoous materiaL Tlierc was n bron¬ 
chitis involving the bronchi conjruunicnting with tho cavity. The postoperative course was 
uneventful. The remaining right lung cx|mnded to flU the entire right thoracic cage. Two 
months following surgery ho was asymptomatic and had gained ten pounds. Tie remained 
asymptomatic until March, 104S, almost two years after tho lobectomy, when he began to 
tiro easily and iiavo a prodactlvo cough. Ho was hospitnlixc<l after producing bloody sputum, 
and chest roentgenograms showe^l a rarity in tho right lower lobe moasoring 3 cm. In diam¬ 
eter. No acid-fast bacilli were discovered in the sputom, bot many cultures of C. 
wore obtained (Fig. 3). A review of the immc»Uatc postoperative roentgenograms reveals 
a clrcamscril>ed area of incrcns<vl density in tho ro-expanded lower lobe which U the site 
of tho present cavitation. 

These tM'o cases arc representative of the six cases witli cavitation and de- 
bilitating siwnptoras. The other fonr patients gave similar histories. Surgery 
was aeeomplishcd without diffle^jlty and there were no irrunediatc complications. 
Three of the nine patients had symptoms which had been noticed but were not 
severe enough to keep them from their work. One of these eases is interesting 
because aerial x-ray riews were obtained from tlio time tho acute pulmonary in^ 
fection started. A cavity was seen to develop and thou close, only to I'eopen 
after two years. Tho latter case history' is as follows: 

Cash 3.—Tills 31-year-old while man, a soldier, made frequent trips into the lower 
San Joaquin Valley dnring the summer of 1941. In July, 1941, he developed a pleuritic 
type of pain Involving both sides of the chest and reporteil to the hospital for treatment. 
X-ray examination showed a small diffuse lesion in the apex of the right lung and another 
*raall lesion in the left lower lung field which soon cavitnted (Fig. 4), After two montlis 
he was discliarged from the hospital and retumod to Ids work ns an x-ray technician. Tho 
only symptom was a mild chroMc productive cougli. Frequent roentgenograms were taken 
and in lojo cavity in tho loft base wns not dlecemiblo (Fig. 5). In 1943 tho lesion in 
the right apox was more discrete. In 1944 the lesion in tho left lower lobe suddenly reap¬ 
peared and by 1945 it was larger and showed n central area of rarefaction (Fig. 6). In 
February, 1947, he was liospltalited because of severe pleuritic pain and at this time there 
^ an area of cavitation 2J> cm. in diameter in the left lower lobe. Tlie small nodule In 
the right apex had not changed In appearance in four jTjars. No acid-fast bacilli were re- 
^coled a fter many sputum examinations but there was one positive culture for G. immtri's 

•Perfonned by Hr. C. E. Smith. 
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in thirteen examinations. Both tlie tuberculin and the coccidioidin skin tests were positive 
to a marked degree. Blood serologic examinations* for coccidioidomycosis were negative. 
A short trial of artificial pneumoperitoneum produced no effect on the cavity. He remained 
asjTnptomatic except for a chronic cough productive of small amounts of sputum and 
intermittent chest pain. A lobectomy was advised because of tlie long-standing cavitation. 
This operation was performed Oct. 2, 1947. At the time of surgery, pleural adhesions were 

Fig. 4. Fig. 5. 
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boted over the area of the cavity. There vras no gross involvement of the upper lobe. Upon 
pathologic (anmination it wtia di&coTcrod that the cavity containc<l pphcrulca of C. immiiis. 
The cavity vras purrounned by a fibrous zone 0.2 cm. thick and wns lined by an area of 
cafcation necrosis which at some points extended tlirough the fibrous walls. Scattered about 
the cavity wore miliary granalomns composed of oplthcUoid colls and Lnnghane’ giant cells. 
Spherules of C. immitii were found in these satellito granulomas. lie had an uneventful 
postoperative course and was retamed to full military duty three months after surgery. He 
is nsymptoruatic seven montlis after surgery and there Is no evidence of progression of his 
disease (Fig. 7). 

Anotlier patient with onlj- inodemte sj-mptoms had a routine ciicst x-ray 
picture made and was discovered to have an area o£ cavitation in the upper 
lobe on tlio right. lie gave a Iiistory of having liad frequent colds and a mod¬ 
erate cough associated irith increased case of fatigue and inteiinittcnt chest 
pain over a period of four to five months. Ho was hospitalized nud the diag¬ 
nosis of coccidioidomycosis estnlilished by a positive cultnro of C. immitis from 
the sputum and by a positive eoccidioidin skin test. There were no cimuges 
in his sj-mptoms or in tlie size of the enrity after thirteen months of hospitaliza¬ 
tion. and a lolicetomv was advised. Lobectomy was performed on another pa¬ 
tient who had no symptoms other than a chronic nonproductive cough. He had 
a cavity in tlie left upper lobe measuring G cm. in diameter which had thick 
walls and conlnined a fluid level. 

The ronnd granulomatous lesions were excised vrith case in every instance. 
Only one case had jiloural adhesions and these were limited to the area of the 
lesion. The nodules were all situated near tho periphery, of the lung although 
the lesion was actually subploural iu only one. The superficial location allowed 
them to bo easily removed by weilgo resection. 

All nine of the lobectomies were performed without technical difficulties. 
There were pleural adhesions overlying the areas of cavitation in all of tho 
eases but there were few adlicsions over the rest of the lung. There was little 
hilar involvement and dissection was accomplished with relative ease. Only 
one case offered a technical problem. A largo cavity 10 by 4 by 3 cm. was found 
to have crossed tho interlobar fissure so ns to involve tho posterior portion of the 
right upper lobe as well as the entire dorsal dirision of the right lower lobe. In 
this case the right lower lol>e was removed along ■with a segment of the right 
Qppor lobe. 

rATUOLOQY 

The granulomatous lesions -were removed from the loft upper lobe in three 
eases and from the right lower lobe in tlie remaining case. The pathogenic or¬ 
ganism is-ns seen microscopically in three of tho lesions and cultured from the 
fourth. The nodules varied from 2 to 4 cm. in diameter. Two of tlie four 
lesions were solid. One had a liquified center and the other showed a central 
area of cavitation which communicated with a bronchus (Figs. 8 and 9). In a 
tJT'cal granuloma there is caseation toward the center -witli a very gradual 
riiange to an area where the caseation is intermingled with a fibrous stroma. This 
Mea usually contains recognizable alveoli and occasional giant cells. Near the 
Penphery of the lesion the fibrous element becomes moi'o dense and some byalini- 
^tion is present. Occa.sionnl giant ccUs are also seen in this area. Normal 
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lung with little distortioii usually surrounds the lesion but sometimes the 
fibrous element extends into the surrounding alveoli. In the case in wluch there 
was bronchial eonununication there Avas also a surrounding area of chronic 
iutei’stitial pneumonitis with infilti'ation of plasma cells, eosinophiles, and l3Tnph- 
ocytes, and at some distance from the nodule there Avas an area of suppurative 
bronchitis Avith surrounding pneumonia. Tavo of the specimens had smaller 
nodules intimatety connected Avith the larger nodule but in only one Avere 
spherules seen in these satellite granulomas. 



Fig. 8.—Granuloma, left upper lobe. 


The caAutation involved the right ripper lobe in five cases, the left upper 
lobe in two, the left lower lobe in tAvo, and the right lower lobe was involved 
in one patient along rvith the right upper lobe involvement. At least one form 
of the pathogenic organism was seen in CAmiy case; the mycelial form Avas 
observed in six specimens and the spherirle form in six. Thi’ee of the caAfities 
contained air under pressure and they all contained a small amount of fluid. 
Satellite nodules Avere palpable and Ausible about the cavity or even throughout 
the inA’olved lobe in all except trwo cases. The pathologj'^ of the cavity is fairl.r 
consistent. There is an outer fibrous lajmr 0.1 to 0.5 cm. thick which makes the 
area of cavitation feel firm in the intact specimen. The lining appears rougli 
and irregrdar and is composed of a grayish-jmlloAV caseous lajmr 0.2 to 0.5 cm. 
thick. Small areas of granrdation tissue Avith evidence of recent hemorrhage, 
are frequentty seen projecting into the cavity. On microscopic examinatiou the 
lining of the cavity is seen to consist mainly of a surface zone of necrotic tissue 
Avith fcAV identifiable cells. Both forms of tlie fungus are frequentty seen elmg- 
ing to this area. In some cases there arc areas of granulation tissue, stratified 
squamous epithelium, or ciliated stratified squamous epithelium in tlie hning. 
This inner lajmr blends into a necrotic zone in Avhich there is looselj^ inter¬ 
spersed a fibrous stroma Avith macrophages and eosinophiles. This is surrounded 
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*—Kxcleed cwLnuIoma with centml •ren. of cavlUtton whldi communicated wltli a 
bronchus. 

thoro were Batellite lesions consisting mainly of tnbei'cles fomicd by epithelioid 
cells or, epithelioid cells surrounding giant cells and spheiules were seen in tlicse 
lesions in two of tho specimens. There woi-e nlso areas of chronic pneumonitis, 
caseous lohular pneumonia, and caseation necrosis surrounding tlio cavities. 
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j\Iost of these lesions were near the cavity but sometimes they were found a 
considerable distance away. It is interesting to note that a single regional 
lymph node was involved in only one case, although next to the lung this is 
ttie most commonly involved site in disseminated cases. 

POSTOPERATIVE COURSE 

The postoperative course of the segmental resections was uneventful in 
every case. There were no complications. The nine patients having lohectomies 
had much the same course as would be expected in a similar group with bronchi¬ 
ectasis. There was no incidence of bronchopleural fistula or empyema. One 
patient developed diffuse mottling throughout the opposite Itmg on the day 
following lobectomy. This process increased in the next few days but was not 
accompanied by any toxicity. Only a small amormt of sputum was obtained 
when the patient was bronchoseoped and no G. immitis colonies grew when this 
material was cultured. Since dissemination was feared, a specimen of blood was 
sent for serological examination.® Both the precipitin and complement fixation 
tests were negative. The lesions.cleared jirogressivelj’- and were entirely absent 
two months after surgery. He was well one year after surgeiy. 

SUAIMARY OF RESULTS 

The four eases having -wedge resection of granulomatous lesions have been 
observed for an average of fourteen months follo-ndng surgery. The first patient 
was operated upon thirty-five months ago and the last case only four months 
ago. None of them had symptoms other than pain near the site of operation. 
They are all at work and there has been no, e-vidence of any other lesion on 
postoperative roentgenograms. 

The nine cases having lobectomy for coccidioidomycosis -with ea^dtation have 
been followed an average of eighteen months after surgery. The fii’st operation 
was done thirty-two months ago and tlie last was three months ago. AU pa¬ 
tients have been contacted recently except one whose address has be^n lost; 
he Vims last seen twenty montlis after surgeiy at which time he was well. Six 
of the nine patients have been benefited by the surgery in that their sjrnip- 
toms have been markedly improved or abolished and there is no evidence of 
active disease in the remaining lung tissue. These six men are all working 
full time. Another patient still has troublesome sjTnptoms. He is able to work 
full time doing light delivery ivork but he tires easily. The last x-ray picture 
taken at Fitzsimons General Hospital six months ago showed no evidence of 
any pulmonarj^ lesion. Two of the patients are now in worse condition than 
they were prior to surgerj'. One of these patients developed pubnonaiy tuber¬ 
culosis with cavdtation in the right lower lobe three months after resection of 
the right upper lobe. Before surgerj'^ tuberculin skin tests were negative m 
first and second strengths and the sputum had been negative for acid-fast 
bacilli on twenty-one smears, ten cultures, and t-um guinea pig inoculations. 
The pathologic examination of the excised lung revealed the t.^^)ical lesion of 
coccidioidomycosis ■\\dth large numbers of sphexmles visible in the ca-vitj', in the 


By Dr. C. E. Smith. 
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walls ol llio ca\ity, nnd in the satellite granulomas. There was no evidence of 
tuberculosis. Thciti was a patent bronchus communicating with the cavity. The 
patient has been hospitalized foiiilecn months for the tuberculosis nnd the 
sputum has been negative for acid-fast bacilli for eight months, but there is 
still a.question of caidtation in the right lower lobe. The other patient hud 
severe sjTuiitoiTLS nnd was definitely sulfcring from a chronic and debilitating 
disease at the time of surgerj'. lie had almost immediate relief from the 
sjTnptoms and gained weight rapidly following rc-scction of the right upper 
lobe. He was asjTnptomntie for two years, hut suddenly the sjTuptoms returned, 
and ho is now almost as ill ns liefore operation. He has a 3 cm. cniity in the 
right lower lobe, nnd the sputum is again positive for C. immitis (see Case 2). 

DISCUSSION 

The maungemeut of chronic granulomatous lesions of coccidioidomycosis 
appears to bo simple. The diagnosis can seldom be made with certainty nnd it 
is a sound policy to remove tlicsc tumors for no other reason than to establish 
a diagnosis and rule out the possibility of n more dangerous lesion. Even if 
the diagnosis is without question, it seems that the threat of cavitation or dis¬ 
semination should he abolished while the lesion is in a more focalized form. 
Even though dissemination from these foci must be an unusual occurrence, the 
operative removal is relatively simple and seems to be the safer course. 

The problem of dealing witli persistent cavitation is a difficult one. Host 
of these lesions do not produce sj-mptoms or debilitation and'patients with 
cavitation have been known to do hard work for years with no apparent ill 
effect, llowever, even when no sj-mptoms exist, these cavities should not be 
regarded as innocuous. They arc usually near the periphery of tlie lung and 
m four cases presented in a previous paper they have ruptured causing broucho- 
plenral fistula, coccidioidal empyema, and noucxpansilc lung.' There is also 
evidence that these foci of infection may be a source of dissemination, although 
there is little likelihood of this taking place long after the initial infection. 
Prom tlic standpoint of cpidemiologj' there has been no record of a proved 
diivict human transmission of the disease nnd for this reason patients with open 
cavities arc not isolated. However, the reason commonly proposed for the lack 
of huihnn transmission has been that tho spherule form of the organism, which is 
usually seen in the sputum, exudates, and diseased tissue of infected patients 
has a low infectivity, while the higldy infectious mycelial form grows only in 
an external environment. It is to be noted that six of the cavdties removed con¬ 
tained mycelial forms. Either the disease will he transmitted when individuals 
with open cavities return to their families outside of endemic areas or there is 
some other factor in the transmission of tho disease. In spite of these possible 
complications, our expdrience in tlie management of this small group of nine 
msm suggests that pubnonarj- resection shoiUd be reseiwed for those patients 
laving definite symptoms over a long period of time. In the few cases present- 
mg incapacitating sj-mptoms nnd evidence of chronic debilitating disease after 
prolonged hosiiitalization, pulmonary resection is indicated. It maj' be that a 
onger period of hospitalization before and after surgery would be beneficial. 
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CONCLUSIONS 

1. Four patients -with focalized granulomatous lesions have been treated 
satisfactorily by wedge resection of the diseased portion of lung. "We feel 
that these lesions should be removed in order to rid the patient of a.possible 
source of dissemination and in order to rule out the possibility of a more malig¬ 
nant process which might have an identical roentgenologic appearance. 

2. Coccidioidal ca^dties have been removed by lobectomy in nine cases. 
Lobectomy should be reserved for those patients who liave distressing sjmiptoms 
over a period of many months. 
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DISCUSSION 

DR. DONALD L. PAULSON, Dallas.—(Slide.) Tliis patient was admitted to the 
hospital in April, 1945, because of hemoptysis. Roentgenograms revealed a thin-waUed cavity 
in the right upper lobe. Wliile he was under observation the cavity ruptured into the pleural 
cavity, resulting in a pneumothorax with fluid. This was aspirated and C. immitis was 
found in the fluid. A diagnosis of coccidioidomycosis of the lung and pleura was made. 
Attempts to expand the lung were not successful and a decortication was done. A thickened 
fibroblastic membrane jyas found overlying the lung and the parietal pleura. This membrane 
was removed, and a segmental resection of the posterior segment of the right upper lobe 
was done to remove the cavity. The organisms of coccidioidomycosis were found in the 
fibroblastic membrane. 

The patient had an uneventful convalescence following this surgery. He has had no 
further symptoms and is now leading a normal life. The second slide shows a roentgenogram 
made in 1948 which reveals complete expansion of the lung with no evidence of residual 
disease. 

DR. FORRESTER RAINE, JElwaukee .—I am rather surprised that in these Cavities 
which were treated by resection, only three were found in which'.the myceUum was growing 
on the walls. Most patients with coccidioidomycosis recover without difficulty, but we had 
one simUnr to these in which mycelium was gi-owing on and in the wall of the cavity. This, 
I think, accounts for the very copious sputum as well as repeated hemoptysis wliich is not 
seen in the granulomas containing the endospore form of the fimgus. 

These slides show a patient operated upon by Dr. "IVilson IVeisel at the Veterans 
Hospital in Milwaukee. The first slide shows the cavity small in 1945, the ne.xt larger m 
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1040, and the next scveml timen Inr^er by 1947, A lolxjctomy was porfonned in 1048 and 
the final slide shows tlio specimen with the large cavity and possibly you can sec the rough¬ 
ness of the wall whore pum culture of the mycelium was obtained. 

DB. TIOBEBT Tl. BlIAW, Dallas,—The increasing awareness of this disease In our 
part of the country has ixjsetl a difficult problem in the dlfTorontlal diagnosis of tumors 
within the lung. There is ft prevalence of skin testing for both the coccldlodes or/nnd histo¬ 
plasmosis, Somolimes the internist or the pliysiclnn carrjdng out the gklu testing Is quite 
satisfied with the positive reaction in explaining the presence of ft shadow ^Tithln the lung 
field. In two patients with carcinoma In the past two years this has led to a too-long period 
of waiting with the result of inoi>embillty by the time the true diagnosis was made. So boro 
again, ns with ^i^us pneumonia and unresolved pneumonia, we must l>e very circumspect in 
explaining sliadows that appear in the lung fields on. the basis of a nonspecific skin test, 

I want to show a specimen of a left upper lobe that was removed os n result of a 
shadow found in a survey. This suhscquonily proved to be a coccidioidal granuloma with 
daughter granulomas within the same lobe. I think these lesions should bo removed for their 
own presence, regardless of the fact that they may found because of a suspected diug* 
nosis of carcinoma. This man denied having eymptonia nt the time the survey was token, 
ho was a food handler—but after tho lobectomy Imd been coniplctwl nnd within a month 
following removal of this lobe, ho volunteered tho Information lliat he felt entirely different 
now than he did before surgery. Ho had n feeling of woll bcing now tliat he had not had 
before. This man Imd been present in on endemic area for only approximately six months, 
daring which time ho was visiting In El Paso. Wo do not consider coccidioidal mycosis 
to be endemic in tho regions of Central Texas, but w© must be continually on tho alert for 
this condition, Tho coccidioidal granuloma is, of course, ^•e ^7 similar to the tubcrcnloma 
and if on occurato diagnosis can bo made I think it becomes difficult to advise the patient 
just what should bo done. If he denies haring any sjTnptoms what 80 C^■e^. I am of tho opinion, 
however, that oren with a proved diagnosis these gronulomns should be removed. 

DB. W. L. BOGEB8, San Francisco.—UnlU recent years ^ve In Callfomlft nnd the 
Southwest had a monopoly on this interesting clinical entity. I tldnk it is quite obvious to 
all of us here that that condition no longer exists. I believe tliis excellent review is quite 
timely, and it is my belief that tills is the first occasion this condition has heen presented 
before this surgical association. I would Ilk© to confine my few words to the latent residual 
cavity. In our experience tlrnt has been the most frequent of the late complicating condi¬ 
tions with which tho clinician la confronted. To give you briefly an idea of what the 
tvomgo clinician In our area may expect In the ordinary course of theso residual cavities, 
let us consider a theoretical 100 cases. We may aasume that sooner or later approximately 
40 per cent of this group ^vill close spontaneously. Approximately 20 per cent will remain 
relatively symptom-free. Tho reraaining 40 per cent will requlxo active therapy either be¬ 
cause of increasing tiio or because of recurrent pcvcto hemoptysis, I might say at this time 
approximately 70 per cent of these residual cavities nt one time or another will give a history 
of small hemoptysis and approximately 10 per cent also will give a history of secondary in¬ 
fection, We feel a trial by conservative collapse measures, such as pneumothorax or pnenrao- 
peritoneum, should be afforded this group. Pncamoperltoneom may b© occasionally supple¬ 
mented by a temporary phrenic if that soems necessary. Collapse measures are effective in 
spproDmately 90 per cent of this residual group. Collapse therapy slmuld be maintained 
for about one year. The remaining 10 por cent obviously sliould come under surgical eon- 
ildcration. 

In closing I should Uko to mention two otlior points. If ono is not familiar with this 
particularly so far ns laboratory work Is concerned, wo must be very careful, indeed, 
to warn laboratory technicians of the possible danger involved. In Dr. Smith’s laboratory 
St Stanford, no tochnldan is employed who docs not have a poaitivo coccidlodln. On one 
occasion a visiting physician merely passing through tho labomtory contracted the disease. 
^ San Frandfco, because of the availability of Dr. Smith’s laboratory, our other private 
Inttltutions prefer not to handle these culture* at nU. 
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Also, I -n-ould like to ask Colonel Forsee or Dr. Greer their feeling regarding the 
granting of 100 per cent permanent disability rating to these veterans who have been sub¬ 
jected to lobectom}- irrespective of how well they may do clinically. This appears to me 
to be an injustice, especially when the operation is performed for a curable disease. 

DE. O. A. ABBOTT, Atlanta.—I hesitate to go on with this discussion, but we did 
encounter a verj' interesting and rather unusual complication of this disease at our local 
Veterans Facility. The patient was a physician’s son, 24 years of age, and had an acute 
coccidioidal pneumonitis four years before when stationed in San Joachin VaEey territorj'! 
The pulmonarj- lesion cleared completely, and then he developed typical signs of constric¬ 
tive pericarditis, and he was considered for surgery. The sedimentation rate was extremely 
high and the skin tests for coccidiodomycin very strong, also the skin test for tuberculin was 
very strong. We thought it important to utilize the additional safety precaution of giving 
the patient streptomycin because of the reports of the possible value of this drug in coc¬ 
cidioidomycosis. This was done and in one month’s time the sedimentation rate was normal, 
and a pericardiectomy was performed. The pericardium contained the typical spherules but 
no mycelia were seen. There has been no evidence of recurrence of the lesion since this 
surgery. 

COL. FOESEE.—wish to thank the members of the Association who have dis¬ 
cussed this paper and presented questions in which we are very much interested. There 
were six of the cases with ca\'itary lesions that had mycelial forms, present, rather than 
three. The surgical therapy which has been carried out in these cases seems to be the 
best we have available at the present time; however, it leaves much to be desired. 
Follow-up letters that we have received from all of these patients indicate a degree of re¬ 
sidual chronicity of the disease somewhat out of proportion to that usually seen after sucli 
operative procedures. It has been our practice to have these patients hospitabzed for pro¬ 
longed periods before they are operated upon. We now wonder, particularly since this one 
patient has returned with a cavity in the remaining lung tissue, if it would not be desirable 
to treat these patients with prolonged bed rest after surgery, particularly those having. 
cavitary lesions. 

In the excision of granulomatous lesions, just one word of warning, that is, that there 
should be a wide resection with normal lung tissue excised because of the danger of adjacent 
granulomatous daughter involvement al.'out the original granuloma. 

We have no answer to the problem of disnbUity following lobectomy. We have re¬ 
turned several of these patients to duty following lobectomy, and that is our practice at the 
present time. In a simple, uncomplicated lobectomy for other than neoplastic or tuber- 
culoris disease our policy is to return the soldier to general military duty. Whether or 
not we are correct in this we do not know, and we would be very much interested to know 
what the Veterans Administration does in the matter of disability. I am sorry I cannot 
answer your question. Dr. Rogers, except to say that we have felt that the mere absence 
of a lobe of a lung certainly does not constitute a disabOity for which the individual 
should receive retirement pay or pension benefits for the remainder of his life. 



BLOOD VOLUME AND EXTRACELLULAR FLUID CHANGES 
DURING THORACIC OPERATIONS 


Bednabd J. Milleh, M.D. (by inwation), Joun H. Gibbon, Jn., MJ)., and 
Fbank P. AujiniTTEN, Jb., M.D. 

PniLADEuniA, Pa. 

T he first measurements oC llie amount of blood lost during operations were 
made by Gateb and Little' in 1921. Blood loss was estimated by deter¬ 
mining eolorimetrieally the aeid hemntin concentration in the washings of 
blood-soiled sponges and instruments. The authors pointed out that blood loss 
was often greatly in excess of tlie surgeon’s estimate. Losses of 500 to 700 o.c. 
were well tolerated by iudiridunla in good physical condition, while losses 
greater than 1,000 e.e. were usually accoinpanicd hy serious effects. Addi¬ 
tional colorimetric studies of blood loss during major abdominal operations have 
substantiated these obsen'ations.’' ’ White and Buxton' using the same method 
found an avemge blood loss of 700 c.c. for thoracoplastj’ stages and 1,500 e.e. 
for lobectomy. Nadal measured blood loss during orthopedic operations,” and 
blood loss during neurosurgical procedures was studied by Wliite and associates.'’ 
The colorimetrie metliod yielded figures which were 1 to 7 per cent” and 13 to 
II.B per cent* below the actual values when a known quantity of blood was 
washed from soiled sponges or linen. Shock did not become clinically evident 
tmtil the patient had lo.st 20 per cent of the normal blood volume or approxi¬ 
mately 1,200 c.a Patients losing less than 20 per cent of their normal blood 
volume were not likely to develop clinical eiddence of shock unless the loss had 
been rapid. These authors urged immediate replacement of blood during 
operation and warned against dcla.v until shock had become evident. 

Wangensteen," in 1942, described a gravimetric method for estimating 
blood loss during operation. Blood loss was measured by determining tlic 
difference in weight between drj' gnuxe sponges licforc and immediately after 
use. By this means the mirgeou can have an accurate estimate of blood loss at 
any time duringjhe operation. Baronofsky, Trcolar, and Wangensteen,” using 
l>oth the colorimetric and gravimetric methods, found an avemge blood loss of 
1.1124 c.c. for lobectomy and 1,534 c.c. for pneumonectomy; values obtained 
with the graiimetric metliod were 10 per cent higher than values obtained 
'Wh the colorimetric method. 

Gibbon, Gibbon, and Kraul” have demonstrated that a blood transfusion 
af a size well tolerated by normal animals may produce pulmonary edema in 
aats in which there has been an acute reduction of pulmonary tissue. Thorn- 
tou and associates"' have demonstrated the role of the rate of administration 
af massive transfusions after pulmonary resection in the development of pul- 
monary edema in dogs. Over-replacement with blood, either during or imme- 

the t>epArtment of Surcicsl Hcwarch, Jeffer»on iledlcal Colleirc. 
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diately after lobectomy or pneumonectomy in man, may tend to precipitate 
pnlmonaiT’ edema. On the other hand, inadequate replacement of blood lost 
ma5^ lead to surgical shock. Changes in the pulse rate and blood pressure are 
not reliable signs of blood loss, especially in the older, poor-risk patient. It 
is obviously desirable to maintain a normal circulating blood volume at all times 
during a major operation. This can be accomplished only by transfusing blood 
during the surgical procedure at the same rate that it is lost in the operative 
wound. 

Colter, Crook, and lob,® Stewart and Rourke,” and McAllister'® have 
shown that postoperative changes in the hematocrit, hemoglobin, and plasma 
protein are not necessarily related to changes in the blood and plasma volmncs 
and consequently cannot be used to deteimaine blood loss. The amount of blood 
and fluid lost must, of necessity, be based on direct measurement. 

Sponge Weight Method .—Dry sponge technique® was employed during the 
entire surgical procedure. A weighing scale of 0.1 Gm. sensitivity was used. 
All sponges and aspiration bottles were weighed immediately before operation. 
They were weighed again, immediatelj’^ after use, to minimize error resulting 
from evaporation. The blood loss was calculated from gain in weight of 
sponges and aspiration bottles. This value was then converted to volume of 
blood in cubic centimeters by multiplying by 1.055 which was arbitrarily taken 
to be the average specific gravity of blood. 

Dye Method for Determining Blood Volume .—The T-1824 method of Gib¬ 
son and Evans,'® adapted for use with the Eveljm colorimeter by Gibson and 
Evelym,'* was used to determine plasma volumes. Ampules* containing a sterile 
aqueous solution of T-1824 in 0.5 per cent concentration were used. Each batch 
of dye was standardized before use. Blood volume determinations were per¬ 
formed with the patient in the recumbent position. Postoperative determina¬ 


tions were made within forty-five minutes after conclusion of the operation. 
The quantity of dye used varied with the size of an indirtdual. Large quan¬ 
tities of dye may produce objectionable discoloration of the skin, especially in 
patients ha^^ng smaU plasma volumes. Little, if any, discoloration of the skm 
results from a dose of 0.25 mg. per kilogram of body Aveight. 

Syringes and needles used for injection of the dye were volumetrically 
calibrated for deliAmry by determining the weight of distilled water delivered. 
Syringes were filled with distilled water to the point where marks on both the 
plunger and barrel coincided. The wmter was then expelled through a dry 
needle into a weighing bottle. Reealibrations ivere performed at inteiwals to 
assure continued accuracy. Using calibrated syringes, the difference -between 
repeated determinations, done wdthin a twenty^-four hour period, in twenty^-five 
instances lay between 0.4 and 7.0 per cent. The mean experimental difference 
in repeat determinations in patients Avas 4.0 per cent. The standard error of 
estimation was ±176 c.c.'® 

The dye AA-as injected within a period of five seconds into a large A'ein o 
the forearm by means of the calibrated syringe. The syringe was not flushec 


•Obtained from AVlllIam R. AVamer & Company, New York. N. T. 
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with blood. Tho site of puncturo was firmly compi-cssed after M-ithdi-aivnl of 
the needle in order to prevent extravasation of tlio dye. The flint blood sample 
was obtained from tho vein of tho opposite arm seven and one-lialf minutes 
after the beginning of tho dye injection. Four or five additional blood samples 
were obtained at two and one-half minute intervals. The blood was permitted 
to clot and clear serum obtained by centrifugation at 2,000 R.PJII. for fifteen 
minutes. Obviously hemolyzed serum samples wpro discarded. The optical 
density of the dyo was measured with the Bvcljm photomicrocolorimeter at a 
wave length of 620 mp. Any slight hemolysis was detected by measurement at 
540 mg,” and the light transmission at 620 corrected by this value. The correc¬ 
tion was usually insignificant. The corrected values of optical density of T-1824 
were then plotted against time and the optical density at zero time found by 
extrapolation. All plasma volumes were calculuteel from tlio extrapolated op¬ 
tical density. Blood volumes were calcnlatcd from the plasma volumes and 
the hematocrit. Plasma protein eonccntrntioiLs were obtained by the copper 
sulfate method.** 

Cruickshank*' has shown a markcil dillcrcnco in the slope of the c.xcretion 
cutwe of T-1824 in repeated determinations. The mixing time of the dye is also 
prolonged in shock.” Bccauae of the possibility of clmnges in the mixing time 
and the excretion rate of the dye, in the immediate postoperative period, we 
have attempted to minimize tho error of the method by employing the extra¬ 
polated values of the optical density instead of using that measured iu a single 
ten minute sample. Purthcrmorc, we have found that .the plasma volume cal- 
onlated from tho optical densit)’ of the dye in a single ten minute sample may 
be between 0.5 and 3.0 ])cr cent higher than that calculated from tho optical 
density of the dye extrapolated to zero time. Blood volume measurements using 
r^otopic iron have been consistently lower than tliose obtained with the dyo 
method.” 


Blood lost during the operation was computed by subtracting the post¬ 
operative blood vohune from the preoperative blood volume and adding the 
amount of blood transfused during operation. Iu most instances the exact 
amount of blood transfused during operation was determined by weighing the 
transfusion bottles before and after tise. The araoimt of 5 per cent glucose in 
Water given during operation was also measured by weighing the containers 
before and after use. 

Sodium Thiooyunatc Method for Determining Extracellular Fluid .—The 
aid available for the dilution of sodium thiocyanate, hereafter referred to as 
c extracellular fluid, was determined both preoperatively and postoperatively 
^ ferric thiocyanate according to tlie motliod of Crandall and Anderson.*'’ 
yrmges used for tho injection of sodium thiocyanate were volumetrically cali- 
rd to the tip by determining the weight of distilled water contained. An 
erage of 15 mg. per kilogram of sterile 5 per cent sodium thiocyanate solution* 
injected intravenously approximately thirty minutes prior to tho injection 
— '^•1 824. The syringe was then flushed tlireo times with blood to insure 

OWstaM from wmiam H. Rorer. Inc, PhUndcIphln. Pn. 
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complete delivery. Blood samples for tliiocjmnate determination were ob¬ 
tained thirty minutes after injection, at -which time diffusion equilibrium is 
usually attaiued.^^’ The dye T-1824: -was then injected thi-ough the same 

needle immediately after -withdra-wal of the thirty minute blood sample for thio¬ 
cyanate determination. Additional thioe^mnate determinations were made from 
blood samples -ndthdrawn for plasma volume determinations. The dye is com- 
pletelj^ precipitated during the preparation of the protein-free filtrate and con- 
sequentlj' does not inteiTere with the measurement of thioc 3 mnate concentra¬ 
tion.^- The thioej'auate concentration in each sample, measured as ferric thio- 
ej-auate with the Klett-Summerson colorimeter, was then plotted against time. 
Calculations of extracellular fluid were based on the thiocjmnate concentration 
at the point where excretion assiunes a constant value. In mauj' instances the 
concentration continued to decline at a stead}- rate. The calculation of exti’a- 
cellular fluid in these instances was based on the concentration of the thirty 
minute sample. 

The mean experimental difference between repeat determinations -within 
seventy-two hours in six patients was 3.3 per cent -with a minimum and-maxi¬ 
mum difference of 1.0 and 5.8 per cent. The standard error of estimation 
was ±337 c.c. 

OBSERVATIONS 

Plasma volume was determined bj’- using the blue dj^e T-1824 both pre- 
operatively and postoperative!}- in a series of fifty-seven patients subjected to 
major thoracic operations. Blood volume was calculated from the plasma 
volume and the hematocrit. The extracellular fluid volume was measured -with 
sodium thiocyanate both preoperatively and postoiieratively in thirty-three pa¬ 
tients in this series. Blood loss during operation was measured by the sponge 
weight method in twenty-seven instances. 

Comparison Between the Sponge Weight Method and Dye Method for 
Determining Blood Loss. —Both methods for measui-ing blood loss were used in 
twenty-seven major thoracic operations .(Pig. 1). In twenty-one instances the 
blood loss b}’- the d}-e method was greater than the loss estimated by the sponge 
weight method. In general, the difference bet-ween the two methods was not 
marked. The greatest differences were 592 and 434 c.c. in Cases 19 and 14, 
respectively. 

Thoracoplasty. —Postoperative blood volume changes were studied in ten 
patients subjected to first stage thoracoplasty (Table I). The extracellular 


Table I. Blood and Extracellular Fluid Changes During First Stage ThoracoplastT 

(Ten Gases) 



BLOOD 

LOST* 

(c.c.) 

BLOOD 

given 

(c.c.) 

Miniinuifl 

406 

340 

Maxiiniim 

1885 

575 

Average 

734 

475 


POSTOPERATIVE 

extracellular fluid 
LOSS 
5 CASES 
(c.c.) 



and In subsequent tables. 
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fluid TOlnmo ivna studied in five of these patients. Blood loss during operation 
was gm\’imetricall 3 ' measured in four iustnnees. The avemge operative time 
was two hours, sixteen minutes. Continuous spinal anesthesia was used in all 
cases. 

The maximum postoperative hlood volume deficiency was 1385 c.c. or 23.5 
per cent of the preoperativc hlood volume, though clinical evidence of shock 
did not occur. A po.stoperative increase in hematocrit values was observed 
when blood loss had been ndctpmtelj’ replaced. A decrease was ohaerved when 
hlood loss had hocii iuadefiuatelj- replaced with the exception of one patient. 
All patients were deficient in extracellular fluid volume postoperativelj’. 



EIb. 1.. Ordinate* raprenent blood Iona In cubic cenUnietem. The ttvent>'-Beven caaes are nr- 
ranped In the order of Increaalnc blood low. 

Tlioracotomy ,—Postoperative blood volume changes were studied in eleven 
patients subjected to thoracotomy (Table II). Six patients had inoperable 
rareinoma of the lung, three bad inoperable carcinoma of the esophagus, and 
Wo had extrapulmonary tumors removed. The extracellular fluid volume was 
^died in seven of these patients. Blood loss during operation was measured 
y the sponge weight method in seven instances. The average operative time 
two hours. Endotracheal ether anesthesia was used in aU instances. 

The mnximnm postoperative blood volume deficiency was 604 c.e., or 10.3 
c cent of the preoperative blood volume. Clinical evidence of shock did not 
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Table !!.■ Blood and Extracellular Fluid Changes During Thoracotomy 

(Eleven Cases) 





POSTOPERATIVE 




EXTRACELLULAR FLUID 


blood 

BLOOD 

GAIN 

LOSS 


LOST 

GIVEN 

6 CASES 

1 CASE 


(C.C.) 

(C.C.) 

(C.C.) 

(c.a) 

Minimum 

364 

500 


122 

Maximum 

1679 

1980 


Average 

1 1074 

977 

1 +559 


develop in any of these patients. A postoperative increase in the hematocrit 
value Avas noted -when the blood lost Avas adequately or more than adequately 
replaced, although no quautitathm relationship existed. A decrease in the hema¬ 
tocrit value Avas observed Avhen the blood lost Avas inadequately replaced, ex¬ 
cept in tAA’o instances. PostoperatiAmly, no patients shoAved a significant loss in 
extracellular fluid volume. 

Partial Lwig Resection. —PostoperatiA’e blood volume changes Avere studied 
in thirteen patients subjected to lobectomy for bronchiectasis. The extra¬ 
cellular fluid volume Avas studied in nine of these patients. Blood loss during 
operation Avas measured by the sponge A\-eight method in seven instances. The 
average operative period Avas three hours, fifty-one minutes. Endotracheal 
ether anesthesia Avas used in all eases (Table III). 


Table III. Blood and Extracellular Fluid Changes During Lobectomy 

(Thirteen Cases) 





POSTOPERATIVE 




I extracellular fluid 


BLOOD 

BLOOD 

gain 

LOSS 


LOST 

GIVEN 

2 CASES 

7 CASES 


(C.C.) 

(C.C.) 

• (C.C.) 

(C.C.) 

Minimum 


1066 

107 

499 

Maximum 


2723 

125 


Average 


1771 

1 -1110 


The maximum postoperative blood volume deficiency Aims 857 c.c., or 22 
per cent of the preoperatiA'e blood volume. This patient shoAved clinical evi¬ 
dence of shock. A postoperative increase in the hematocrit value Avas ohseri'ed 
in patients Avith adequate and excessive blood replacement. No quantitatne 
relationship betAveen the hematocrit and degree of over-replacement eristed. 
PostoperatiA'ely, a decrease in the hematocrit Avas observed in cases Avith inade 
quate replacement except in tAvo instances. There Avas a significant decrease 
in the extracellular fluid volume in five of the nine patients studied. 

Esophagectomy .— Postoperathm blood volume changes Avere studied m 
seA'en patients subjected to esophagectomy for lesions involving the thoracic 
esophagus. In six instances esophagectomy Avas performed for carcinoma aii 
once for esophageal stricture. The extracellular fluid A'olume Avas studied m 
three of these patients. The average operatiAm time Avas Aa'c hours, tAventy-nrae 
minutes. Endotracheal ether anesthesia Avas used in all cases (Table V). 
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Tabu: IV. Blood akd Eotl\ceij,ulak Fluid Chanoes Ddbino Pkeduonectomy 
(S iiTEEN Gabes) 





rOSTOPERATIVE 




EXTRACELLULAR FLUID 


BLOOD 

niiOOD 

GAIN 

1 LOSS 


LOST 

qi\t:k 

1 CAflE 

t 7 CASES 


(c.c.) 

(c.c.) 

(C.C.) 

(0.0.) 

ilinimum 

U&4 

BoU 

522 

408 

Maximum 

3597 

3058 

2801 

Avomgo 

I9l5 1 

1054 

1 -1158 


Table V. Bijxid axd ExmACtnxuLAii Fluid Ciiakoes Ddhino EsoniAaEOTOUY 
(Seven Cases) 





rOSTOPERATIVE 




EXTRACELIiUL.\R FLUID 


BLOOD 

BLOOD 

GAIN 1 

LOSS 


LOST 

GIVEN 

2 CASES 

1 CASE 


(c.c.) 

(c.c.) 

(c.c.) 

(C.C.) 

Minim am 

1284 


88 


Moximnm 

2570 


l27l 


Average 

1870 




The maximum postoperntivc inci'cnsc in biood volume was 839 c.c. This 
represents an increase o[ 17.8 per cent ot the preopemtive blood volume. This 
patient did not develop any postoperative respiratory or circulatory complica¬ 
tions. Postoperative increase in the hematocrit was observed in all cases of ade¬ 
quate and ovcr-roplaccmcnt. A decrease in the hematocrit was obsen-ed in the 
one patient in whom blood loss was inadequately replaced. One patient 
showed a signifleant deficiency in extraceUular fluid volume postoperatively. 
There was a postoperative gain in cxtmcclhdar fluid in the other two patients. 
In both these patients there was a more than adequate replacement of blood 
and fluid. 


Total Lung Sescclimi .-—Postoperative blood volume chauges were studied 
in sixteen patients subjecteil to pneumonectomy. Pneumonectomy was per¬ 
formed in thirteen of these patients for caremoma, and in three for bronchi¬ 
ectasis. Changes in the state of hydration were studied in eight of these pa¬ 
tients. Blood loss during operation ivas gravimetrically measured in six in¬ 
stances. The average operntwe time was three hours, fifty-seven minutes. Endo¬ 
tracheal ether auesthesin ivas used in all cases (Table IV). 

Tile maximum postoperative blood volume deficiency was 878 c.c. Tliis 
represents a deficiency of 16.3 per cent of the preoperative blood volume. 
Clinicnl evidence of shock was not observed in any patient. In one instance, 
the postoperative blood volume was 732 c.c., or 17.4 per cent greater than the 
preoperative value. This patient did not develop any postoperntii'e respira¬ 
tory or circulatory complications. Postoperath'ely, the change in the hemato- 
orit values could not be correlated with changes in the blood volume. 


In 

showed 


eight determinations of the extracellular fluid volume, only one patient 
a gain ot 522 c.c. In this instance there was over-replacement of both 
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Fig. 2.—Ordinates represent Increase, or decrease, in po.stoperatlve blood volume In cubic 
centimeters. Sponge weight method was not used. 
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Fig, 3.—Ordinates represent Increase, or decrease. In postoperative blood volume in 
centimeters. Sponge weight method was used. 
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blood and fluid during a abort operation. Tltcre ivere signifleaut decreases 
in the extracellular fluid in the other sereii patients. 

Blood Bcplaccmciil Controlled by Gravimetric Estimate of Blood Loss .— 
In thirt}’ of the flfly-aeven patients studied, the sponge weight method of esti¬ 
mating blood loss was not used. In this group the blood loss was significantly 
over-replaced iu six patients and aigniflcantly under-replaced in eight patients 
(Fig. 2). The maximum im.stopcrativc blootl volume deficiency iu this group 
was 1,385 c.c. 

In the remaining twenty-Reven patients an estimate of blood loss by the 
sponge weight method was available eliiring the operation. In this group tlie 
blood lass wa.s Riguiflcantly over-replaced in six patients and aigniflcantl.v under- 
replaced in four ])aticuts (Pig. 3). The maximum postoperative blood volume 
deficiency in this group was 510 c.c. It would appear that when au estimate 
of tlie blood loss is available during the operation, a normal blood volume can 
be more easily maintained and serious uiidcr-replncemcnt of blood avoided. 


DIBCl'ESIOK 


The average values for blood loss during major thoracic operations pre¬ 
sented in this paper arc in general agreement with those reported by others. 
The blood loss computed by the dye method is believed to bo more indicative 
of the actual blood loss, since small quantities of blood may escape detection by 
the sponge weight method. The dye metliod generally gave higher values for 
blood loss than the sponge weight method. This may be related to the blood 
and plasma lo,ss into the wound and pleural cavitj- postoperatively and prior 
to the blood volume dotcnidnatiou. Thomas, Adams, and Thornton” have 
shown that tlie hemoglobin concentration and red blood cell count decrease 
stMdily during the postoperative period, reaehiug the lowest level from the 
third to the eighth day. 


Coller and Maddock’* investigated dehydration during surgical operations 
by weighing the patient preopemtively and postoperatively. "Water loss varied 
lietwecu 97 and 705 Gm. during uncomplicated procedures. "When one considers 
the large surface area exposed in an open pleural cavitj', losses of large quan- 
titiw of water by eva]ioratiou are to be expected. The large surface exposed 
during thoracoplasty, especiallj- in first stage procedures, maj- account for the 
fluid loss in these patients. Shorter operative procedures such ns exploratory 
thorecotomy are not accompanied by large fluid loss. In fact, most of these 
Patients showed a gain in extracellular fluid postoperatively. A postoperative 
rtcrease in the extracellular fluid has previously been observed by Stewart and 
onrke" which tliey attributed to ether anesthesia. Cope and Moore’' have 
recently reported gains in extracellular fluid as great ns 60 per cent in seriously 
urtied patients. McAllister” noted an average decrease of 11 per cent in the 
P asms volume of experimental animals after ether anesthesia. 


BUUMARV 

, h. Blood volume was measured by the dye method before, and immediately 
'Uvmg, fiftj'-seven major thoracic operations. 
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2. In tiventy-seven of these fi£t 3 ’--seven patients the blood lost at operation 
was estimated hj weighing gauze sponges before and after use in the operative 
field. 

3. Tile blood lost during operation was more aecurately replaced b}' trans¬ 
fusion when the sponge weight method was used. 

4. Signifieant losses of esti’aeellular fluid usually occurred during long 
operations. 

CONCLUSION 

In major thoracic operations it is important to measure blood loss by ob- 
seiwing the increase in weight of the gauze sponges used. At present this is 
the onl}’ method which gives a continuous record of the blood lost during the 
course of an operation, and hence, permits simultaneous accurate replacement 
by blood transfusions. 

The technical assistance of Mr. Franz Goldstein and Miss Theresa D’Urso is gratefully 
acknowledged. 
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DISCUSSION 

DR. GIBBON.—Wc began this work one year ngo because in major intrathoraclc 
operations wo found that wo wore unable to estimate tho amount of blood which hod been 
lost, and thus the amount which should be replaced, by observing the pnlso mto and the 
blood pressure. In a numlmr of patients in whom we had inadequately replaced blood, 
the pulse rate was quite slow and tho blood pressure did not fall nntil just before a rather 
precipitous drop. Wo think that great credit should go to Wangensteen for having sug¬ 
gested the simple method of weighing gauxe sponges before and after their use and 
estimating blood loas by that method. Bo far as wo are awnro, there is, at present, no 
other simple method of determining during the course of nn operation how much blood 
has been lost. 

Wo nso this method ia all our major thoracic procedures. However, there are two 
other conditions whoro It mar be quite valuable. One is when there has been quite a 
l&rge sudden blood loss during on operation and the exact quantity to bo replaced is uneortain. 
'fhe other Is—we have had no experieneo with It but wc think it might be of use in that 
condition—in tlio second stngo of thoracolumbar sympatboctomlos. The blood pressure after 
an Initial fall following tho first stage has roturnod to high levels. In tho second stage 
there may be considerable bleeding, and after romovnl of tho synipatlictlc clialn there may bo 
a preclpltons drop in pressure. Tho question is whether the drop is due to tho sjonpalhectomy 
Or to the blood loss. This can be determined easily by weighing the sponges uwl. The 
method then may be of considerable help to neurosurgeons in these situations. 



BILOBBCTO]\'nr—SURGICAL AND ANATOMIC CONSIDERATIONS IN 
RESECTION OP RIGHT MIDDLE AND LOWER LOBES THROUGH 
THE INTERMEDIATE BRONCHUS 

G. E. Likdskog, M.D., and (by invitation) A. A. Liebow, M.D., and 

M. R. Hales, M.D. 

New Haven, Conn. 

T he multisegmental nature of broncMectasis is coming to be increasingly 
recognized with accumulating clinical experience and ivith the more wide¬ 
spread use of complete bilateral bi'oneliograpliy before the institution of surgical 
treatment. Among 140 eases of bronchiectasis so studied at New Haven Hos¬ 
pital on the thoracic surgical service^ only 52 appeared to be confined to a 
single lobe or unilobar segments. The right lower and middle lobes were in¬ 
volved simultaneously in 19 eases, and of these there was no other demonstrable 
ipsolateral or contralateral involvement in 8. Stated another way, of 58 cases 
where right lowmr lobe bronchiectasis was present, the middle lobe was also 
similarly diseased in 19, or 33 per cent. 

It is of practical importance, therefore, to consider an operative technique 
by ivhieh these two lobes can be removed as a single surgical unit through the 
common intermediate bronchus. The method usually foUowmd is to carry' out 
seriatim lobectomies through the respective lobar bronchi. This technique has 
the disadvantage of leaving a long intei'mediate bronchus with two end stumps, 
and of requiring two sets of bronchial sutures, ivith possibly increased chances 
of leakage. Moreover, the longer double stump may be more difficult to cover 
securely with pleura during the final steps of the closure. 

The excellent anatomic studies of Boyden^ on the bronchovascular arrange¬ 
ments in the human lung as w'ell as the results of certain bronchovascular injec¬ 
tion studies carried out in this clinic -with a suitable vinylite plastic medium 
(Pig. 1) have indicated the feasibility of a simultaneous right middle and lower 
bilobectomy to replace indiiddual lobectomy performed seriatim. In presenting 
this development, priority is not claimed since the possibility of this procedure 
has already occurred to other surgeons on the basis of available anatomic knowl¬ 
edge.^ How'ever, the surgical and anatomic details of Such a procedure are still 
wanting in the literature. 

SURGICAL TECHNUQUE 

Under intratracheal cyclopropane, oxygen, and ether anesthesia the patient 
is placed in the left lateral decubitus position and the seventh right rib is le- 
sected. Adhesions are cleared from the lateral, posterior, and lateral diaphiag- 
matie aspects of the tivo lobes to be removed. If the oblique fissure between the 

From the Tlioracic Studv Group, Departments of Surgery and Pathology, Tale University 
School of Medicine. 

Supported h3' a grant from the Office of Naval Research, as Project Neon- 
Order XI. 1 , -r ip Unl- 

The cost of illustrations was borne in part bj' the Fluid Research Fund of the i 
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Read at the Twenty-eighth Annual Meeting of The American Association for Th 
Surger}’, Quebec, Canada, Maj^ 31, June 1, 2, 1948. 
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snbapical segment of tlic upper lobe anti the tlorsnl (ajiicnl) segment of the 
lower lobe is incomplete, this is developed by slmri) and blunt dissection to ex¬ 
pose tlio arterial branch to the apical segment (Bnyden’s A 6) (Pig. 2). This 
vessel is doubly ligated with .silk and divided. By this maneuver some mobilitj' 
of the main arterial trunk is gained, and lateral access to its posterior surface 



L An untrimm^ vlnyUte cnit of tlie bronchi and pulmonary vascular tree. Rlifht lun|c 
Of n malo adult. Cam 7700. 
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on the bronchus is obtained. The arterial branch to the middle lobe lateral 
segment (Boyden’s A 4) or the middle lobe common trunk (see below) is now 
sought anteriomedially, and is similarly ligated and divided. For isolation of all 
these vessels a blunt euiwed ligature carrier or a Mixter clamp is employed. It is 



Fig. 2.—Partly trimmed cast from same specimen of Fig. 1 showing 
tion. with double arteries (A4, A5) to.middle lobe. Apical arterj' (A6) lies nrterj’ 

levei. This branch Is ligated first in the surgical approach. Note proximity of suoap 
(A3) and absence of a true intermediate artery In this case. 
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now possible in most cases to isolate tlic main artorial trunk above tliese two 
branches and below the origin ol the upper lobe bmnebes, and to dirdde tlie 
trunk after ligation and tmnsdxion. (Sec discussion on varintions.) 

Next the posterior i)lcnml reflexion from the lower lobe to the pulmonary 
ligament is ojicuod. The lower jiulmonni'y vein is isolated by dissection witli 
a blunt clamp holding a cotton pledget moistened in 1 ])er cent Novocain solu¬ 
tion. This vessel is ligated, tmnsdxcd, and divided (Figs. 3 and 4). 

Attention is next directed to the fis.sure between pectoral segment of upper 
and middle lobes. Unfortunately this fissure is incomplete to some degree in 
over 50 per cent of individuals and must be developed. As the hilus is ap¬ 
proached, the medial arteiw to the middle lobe is encountered (Boyden’s A 6). 
The corresponding veins will be found to enter the superior (upper lobe) vein 
or independently into the atrium. Care should be taken in ligntion and trans¬ 
fixion nol to include the upper lobe venous radicles. 

The intermediate bronclum is now cleared by blunt dissection, elevating the 
divided major arterial trunk out of the way by gentle traction fonvartl and 
upward. Guide sutures are placed in the broiiehinl wall medially and laterally 
and the transection of the bronchus begun. Willioui clnmping proximaUy, a 
small incision is made on the edge of the bronchus, and an interrupted silk 
suture, size 000, is used to approximate the cut edge. The incision is deepened 
and another suture or two placed. Suction is used at the stump continually 
with this teohnitiuc to prevent aspiration of blood into the hunen. The ditdsion 
and sutnro are completed. Finally the mediastinal aspect of the middle lobe 
18 freed from the pericardium and piopcricardial fat, the diaphragmatic dissec¬ 
tion completed, and the anterior layer of the pulmonarj- ligament' divided if 
this has not already been accomplished. The two lobes can now bo lifted out 
by the common bronchial stem without any dissection in the oblique fissure 
between them (Fig. 11 ). 

Repair of the mediastinal pleural defect is readily accomplished, care being 
taken not to interfere with the phrenic nerve in its neighboring course. Any 
raw surface on the pectoral division of the ujipcr lobe is allowed to remain with¬ 
out infolding after detailed hemostasis. 

The pleural cavity is lavaged with saline solution, all fluid aspirated, and 
100,000 units of jmniciUin iutiadueed. The chest wall is then closed in layers 
D*mg interrupted silk technique. During the closure, tlio anesthetist controls 
remflation of the upper lobe and this is assisted by catheter aspiration of tho 
pleural cailty ns tho final layers are completed. Neither pleural cavity nor 
wound needs to be drained for the usual case. Postoporatively penicillin is 
given systemicallj' until the tempeiaturo has been normal for forty-eight hours. 
Pleural aspirations are performed as indicated. 

ANATOMIC VABIATIONS 

The operation described here deals with the most common anatomic dis¬ 
position of the vascular branches to tho middle and lower lobe. Certain impor- 
ant variations occur with siifBcient frequency to necessitate a systematic study, 
or this purpose twenty-five autopsj- specimens of right lungs were prepared 
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by colored Aunylite plastic injections of tlie bronchial and vascular trees, accord¬ 
ing to a technique previously developed in this lalDoratory.^ The prepared 
specimens were dissected sufficiently to permit study and measurement. Tlie 
results are recorded in Table I, and maj’- be summarized as shovm there. 



Fig. 3.—Posterior aspect of same cast, showing inferior vein and its radicles, in position 

surgical ligation. 
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Variations, in the Intermediate Artery .—The intermediate artery is defined 
as that segment of the right pulmonary arterial trunk between the lowest branch 
to the upper lobe (A 3) and the highest branch to the middle lobe or the conunon 
middle lobe trunk (Fig. 5). In most cases. (19 of 25,. or 76 per cent) a definite 
intermediate artery was present, with a range of 3 to 18 mm. in length, averag¬ 
ing 8.2 mm. In the remaining 6 specimens the artery to the subapical segment 



Fig. 4.—AJiteromedlal view of same cast, showing merging of lateral and , yfg 

mental middle lobe veins Into a common trunk which enters the extralobar po^iu . 

superior vein. In this case the assure between upper and middle lobe was inMmpiete 
A large branch of pectoral vein (V2) crosses the assure and requires ligation. 






LiKPSKoa, Liebow, anp Hatjm: Tun .loimNAL of Thoracic Suhoer-v 

Bn^BP.cToirv Vou 18, No. 5, Octobep^ 1940 



miriiii V —^*^othor trlmme<l broncho\*o»calnr cnet (7655), showing tiamplo of common 
In 7 arterial trunk, and well-developed Intermediate artery trunk measuring 9 mm. 

in length, PuImonar>* artery red, vein green, bronchuj whlta 





LiNDSKoa, LiFniow, akd Hatjj?: Thk JornxAi, of TuonAcio SimoEsiT 

Biloukctomy Vou 18, No. 6, Octodeii, 1949 



T—-Antoronietllnl view of Com 7665 (snmo FI*. 6) showing jieparato »opniental 
or niiddle lobe (V4 and V6) entering tlio extmlobar portion of tuperlor vein. In tma caje 
mere '^'a* a common arterial trunk. 
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ot tlie right upper loho (A 3) arose at Uie game level os the first branch to the 
middle lobe. Obviously, in this group o£ eases, surgical ligation would be ac¬ 
complished through the indiridual lobar branches rather tlian the trunk. 

In three instances where the intermediate arterial stem was wanting, the 
artorj- to the subapical (posterior) segment ot the upper lobe or its axiUorj' 



**—bronchovaacular cast (Oaao 764E) ihcnTlns aacendlnff brunch from 
artery (AS) to mbaplcal aeffment oC the adjacent upper lobe. In thia caae the 
tt>b« Interlobar Umuto was incomplete; a ffood example of aeparated mltldJo 

■rienc*. Compare -with Flc. 1 . 
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DISCUSSION 

The advantages of the bilobectomy procedure described here are several; 
first, a single and shorter bronchial stump deeply situated in the mediastinum; 
second, a single line of bronchial closure; third, an easy and adequate mediastinal 
pleural coverage with decreased opportunity for fistulous reopening and em¬ 
pyema. 

The possible disadvantages are, fiiat, the sacrifice of the lower lobe apical 
segment if this should prove to be uninvolved. In the absence of bilateral dis¬ 
ease, tins is not a serious objection. A second possible disadvantage is the re¬ 
quirement of an exact and detailed knowledge of the hronchovascular anatomy 
for this area, and third, the danger of compromising venous drainage from the 
upper lobe. In our small experience it has not been neeessaiy to abandon this 
type of resection because of technical difficulties, although it is admitted that 
such might be the case with a very severely inflamed hilus. 

SUMMARY 

A technique for resection of the right middle and lower lobes as a surgical 
unit through the intermediate bronchus has been described. 

Vascular variations based on 25 injection studies have been presented. 

Results in 8 clinical trials are summarized. 

The arguments for and against this procedure as compared to individual 
lobectomies performed seriatim are discussed. 
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DISCUSSION 

DE. WILLIAM M. TUTTLE, Detroit.—I have used tliis procedure in removing n 
lower and middle lobe in practically all such cases. A point which should be stressed is the 
treatment of the middle lobe vein because of the danger of injuring the vein to the upper 
lohe. In those patients in whom the middle lobe vein is not well demarcated I have secur 
aU the vessels to the lower lobe as well as the middle lobe arteries and have then cut the 
bronchus and have left the middle lobe vein to the last. By such a method it is the only re¬ 
maining structure sustaining the lobe. It is then easily and safely ligated and the lohe re¬ 
moved. 

DR. EDWARD CHURCHILL, Boston.—Dr. Lindskog's statement that he has not beeu 
able to find this operation described in the literature means, I am certain, that he has nrf 
found as detailed a technical consideration as he has given ns today. To keep the xeco 
straight regarding developmental steps, however, leads me to refer to the right lower an 
middle lobe lobectomy, with section through the intermediate bronchus ''after isolation an 
separate ligation of the branches of the pulmonary vessels ’ ’ reported in the JOtiRNAi. m 
February, 1933 (page 257). This operation was performed on Aug. 10, 1931, for a tumor 
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claasiilod first as adenocarcinoma and Inter recognized as bronchial adenoma. It vraa pre¬ 
cisely the operation described by Dr. Lindskog todny, ^Tith interlobar hilar dissection, primary 
closure of the intermediate bronchus, corerngo of the stump Trith adjacent lung tissue, and 
temporary catheter dmlnage vrith suction to expand tho remaining lobe. Tho patient is still 
living and vrelL 

The most important landmark in this operation is encountered as the dissection is 
carried up the bronchus, ThU is tho large tribntnry of tho superior pulmonary vein culled tho 
“great upper lobe vein” by Appleton and “tho posterior vein (V*) by Boydon and BcannolL 
It passes beneath tho upper lobe bronchus and above tho intermediato bronchus, to enter the 
superior pulmonary vein, and anomalies nro rare except in its more peripheral tributaries. 
The bronchus may bo divided at tho Inferior border of this vein or after carrying the dlssoctiou 
upward beneath it. Tho vein itself must bo protected from injury. 

DR. LINDSKOO,—I vrant to thank Dr. Tuttle for Ms discussion of tho use of tho 
posterior approach. "Wo also have varied tho approach a bit, and I think tho posterior is 
useful in an occasional instance. I apologize to Dr. Churchill for not hn^’ing seen his caso 
report—it probably did not appear with a title we would recognize.* 

I would like to conclude the discussion with a flldc or two to furtlior clarify tho anatomy 
InTolved. 


firT»« Edward D.: The Suirical Troatmerit of Carcinoma of the lame, J. TROeacic 

*>*64. i»lt ca„ 4 (pace 267) reads as follows: 

Apeust 10, 1911, the lower and middle lobee of the ritht lunfi were removed after 
Th#i Btn •eparato llcatlon of tho branches of the pulmonary vcMels supplying them- . . . 

of tho bronchus was fixed by two sharp hooks and a continuous suture of 
catgut used to close the aperture. The peribronchial and mediastinal tissue was 
)oK_ the line of suture by Interrupted mattress sutures. In separatlnp the middle 

Tl^ upper lobe In the area of anatomic fusion, the electrocautery was employed. 

OM am ^ j surface of the upper lobe thus produced was drawn over the bronchial stump 
'^Phrs^^ to the mediastinum. A catheter was inserted between the ribe hist above tho 



Aj\’ experi]\iental study in bronchial anastomosis 

Truxton L. Jackson, M.D., Phujp Lefkin, M.D. (by iNviTAa?ioN), 
William Tuttle, M.D. (by invitation), and Foster Hampton, M.D. 

Detroit, Mich. 

D uring the last decade increasing attention has been directed to healing 
and regeneration within the tracheobronchial tree. The advent of pul¬ 
monary resection with the necessarj^ importance of a secure bronchial closure 
probably has furnished the greatest stimulus to study in this direction.. Rienhoff, 
Gannon, and Sherman, in 1942, showed that the bronchus following pneumonec- 
tom}^ will heal securely with airtight closure of the pleura over the bronchial 
stump. Taffel, in 1940, published experimental work on the repair of tracheal 
and bronchial defects in dogs. Full-thickness windows were cut from the trachea 
and covered with mucosa. Within three wrecks mucous glands were observed to 
appear in the submueosa. Daniel published experiments in 1948 concerning 
the use of rigid tubes to bridge defects of the trachea and primary bronchi. 
The regeneration of the tracheobronchial wall over the tube was closely 
observed and discussed. His expeiuence indicated that fibroblasts in the 
early sear were the analage of cartilage cells. He believed that cartilaginous 
rings were foimed from such anlage. Hanlon reported the use of gelatin sponge 
in the closure of defects of the bronchus and the closure of the bronchial stump 
following lobectomy. The sponge formed an adequate scaffold for the ingro^vtb 
of fibrous tissue and a wall for the ingrovdh of mucosa. 

The significant obsenmtion one may derive from the work of these authors 
is the remarkable powers of regeneration and healing within the tracheal and 
bronchial walls. It would seem to follow that the important factor in covering 
and healing of bronchial defects is an airtight closure that will allow ingrowth 
of connective tissue and epithelization. No matter wRether the bronchus is 
being closed, defects in the Avail are being covered, or a bronchial anastomosis is 
being effected, the process of healing is similar. 

It was desired by the authors of these experiments to study end-to-end 
anastomosis of the bronchus, using dogs as the experimental animal. The prob¬ 
lems undertaken Avere two and the experiment divides itself into tAVO groups: 

Group 1. Resection of segments of major bronchi and anastomosis. 
Group 2. Creation of strictures within the major bronclii, their re¬ 
section and. re-e.stablishment of bronchial continuity by 
anastomosis. 


METHODS 

Thirty-three dogs of nonspecific pedigree Avere used. The surgery Avas performed 
endotracheal ether anestliesia, the lungs being inflated rhythmically by intermittent ^ 
tioh of the anesthetic. A small motor furnished tlie force for delivery of the air and e er 


to the lungs. 
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Group I.—Tivontj' dogi wero used, The aninmlB were divided into two groups depend¬ 
ing on the method of suturing the bronchus. 

(a) In ten dogs a cylinder of one of tho main bronchi was removed and an annetomoais 
was performed by simple through-and-through interrupted 00000 silk Buturca. All knots 
were placed on the outer surface of tiio bronchial wnll. The pulmonary hilus was exposed, 
and tho pleura over the bronchus was incised. Caro was taken to open the pleura overlying 
the bronchus in a longitudinal manner. It was felt from previous experience that opening the 
pleura transversely could result In a signifleant interruption of tho pulmonary plexus and 
the lymphatic drainage of the lung. 

In the first five dogs a rubber shod clamp was placed on tho proximal portion of tho 
main bronchus, a ono-fourtli incli cylinder was removed, and the walls were approximated os 
just described. PenlcUUn, 50,000 units, was poured over tho suture lino and tho pleura was 
dosed over tho brondius, Tho lung 'vns completely inflated beforo the dieat wall was closed. 
Tho animals were brondioscopod weekly and tho suture lino observed. 

An animals dorelopcd a varying degree of stenosis and four liad a stormy postoperative 
course. Penicillin, 60,000 imlls, was given Intrwnneculnrly twice daily and the bronchus 
WES aspirated iwriodically. One animal developed nn early progressive stenosis, lost weight, 
and was sacrificed witliin one month. An almost comploto stricture was found at the suture 
line with a consolidated, suppurating lung distally. The bronchial wall was densely in¬ 
filtrated with leucocytes, but there was complete eplthelisatlon. The suture lino vms red 
and edematous and sutures were lying free in the bronchial lomen. Two other animals do- 
vdoped a more slowly progressivo stenosis, were clironlcally ill, and lost weight. Bronchoscopy 
showed complete cpUhoUiation of tho wall but a gradual loss of lumen with accumulation 
of pus distally. These dogs wore sacrificed in three and four months. Almost complete 
strictures were found. Both had local empyemas around the suture line. These were walled 
off pockets and a gonerul empyema was not present. Both presented chronic suppuration of 
the lung with diffoie severe bronchiectasis. 

This series of events was nttributod very early to tho use of a clamp on tho bronchus. 
The two eurrlTing animals wore followed with bronchoscopy and were sacrificed at six and 
eight months. One developed a slowly progressive stenosis of the bronchus and ropoated 
aspiration was done. Tlie stricturo became almost comploto in six months and the dog was 
sacrificed. The long presented a dense atolectnsla and fibrosis with bronchiectasis but there 
was no frank suppuration. The bronchial wall at tho suture lino wns markedly thickened 
and somewhat wrinkled. There wns a fairly dense infiltration of lymphocytes in the wall 
and a heavy growth of scar tissue. Tho fifth animal was sacrificed in eight months. I>uring 
the first two months there was very little evidence of any loss of lumon nt the suture line 
and the area was completely epIUieliied. However, there was a gradual contracture at the 
suture lino which in rix months resulted in about 20 per cent itcnosls of the bronchial lumen. 
In another two months tliere was no significant increaso in this stricture. The onlmnl was 
sacrificed at the end of eight months. TTis general condition wns excellent. A 20 to 26 per 
cent loss of lumen wn» found duo to a stricture at tho suture lino. The lung distally was 
cnttrely normal in appearance. It inflated well and on cut section was grossly normal. 

It wns felt that the uso of a damp of any type on tho bronchus resulted in a high-grade 
*tcnosU at the suture lino, with subsequent sappuratlon and bronchiectnsia. At surgery, 
after tho clamp had been removed, the bronchus resumed Its normal shape, the lung expanded, 
and postoperative bronchoscopy revealed no immodiate narrowing. However, the stenosis 
was rapidly progressive in one animal, less rapid in three, and insidious in the last. It was 
thought that tho two instances of local empyema in this group represented a late breakdown 
of the suture lino, Tho clamping and crushing of the bronchial wnll produced injury to the 
area which led to tho formation of scar tissue and to high-grade stenosis. When trauma 
from the clomp was excessive, a marked amount of granulation tissue formed and early 
•tenosla resulted. 

In order to effect temporary bronchial occlusion daring surgery, a rubber balloon was 
thereafter used. This was placM in the proximal end of the bronchus, in place of the 
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clamp. An inflatable cuff on a small catheter ^Yas used at first, but this was occasionally 
unsatisfactory. The amoimt of air necessary to inflate it sufficiently varied and if too 
much air was used the cuff slipped into the trachea. To avoid tlus difficulty several sizes 
of balloons were made from old rubber gloves and the balloon tied shut with a piece of 
sUk. The pressure in this type of balloon is low and it could easily be forced into the 
bronchus. It adapted itself readily" to the conformation of the wall and by gentle traction 
on the silk, it was prevented from slipping into the trachea. Before the last two sutures 
were tied the balloon was punctured with a needle and withdrawn through the suture line. 
The distal end of the bronchus was isolated with sponges to keep aspiration of blood at a 
minimum. 

Bronchoscopy was done on the five dogs in which a balloon was used immediately post- 
operatively and weekly thereafter. Following surgery there was a reddened edematous 
area at the suture line. "Within five days there was a thin ridge of granulation tissue. "Within 
two to three weeks most of the granulation tissue was no longer visible and tlie suture line 
had attained a smooth appearance. The area was slightly raised, injected, and edematous. 
"With the passage of time this area flattened out and became white and glistening. However, 
at every point through which a suture pierced the mucosa there was some redness and edema. 
Even though the knots had been tied on the external surface, some liad rotated and now 
lay in the lumen of the bronchus. Some of the sutures were completely covered with mucosa. 
The presence of the sutures in the mucosa presented for six to eight weeks a definite source 
of irritation and in most of the specimens a few could be seen four to five months later, 
though they were completely covered with epithelium. 



1.—Showing- specimen three months after simple tlirough-and-through 
Line of union Is just proximal to the upper lobe orlflce. Some of the knots have rotaieu m 
the lumen. 

Fig. 1 is a photograph of a specimen at three montlis after anastomosis. The sutures 
are seen as described previously. There is a very' slight ridge where the mucosal edges meet. 
The line of union is just proximal to the upper lobe orifice which was uneffected by the 
surgery. 

These dogs were sacrificed at periods from one month to eight months, microscopic sec 
tions were taken through the suture line, and the specimens were preserved. It was o 
that at one month there was complete epithelization at the suture line and union of t e 
bronchial wall by fairly dense connective tissue. Most of the leucocytic infiltration had is 
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appeared and mature acar tissue urns present. The epithelium wrva low cuboidal in tj'pe. Pig. 

2 is a photomicrograph of auch n specimen. In the middle of the Held just beneath the 
mucosa can bo scon two pieces of silk which have been completely covered with epithelium. 
The wall is made up of dense connectivo tibsuo. In several area* cartUago can bo seen 
undergoing degeneration. In some specimena within four to six weeks the low cuboidal 
epithelium has been convortc<l into a fairly normal-appearing bronchial epithelium. Fig. 

3 is a section of a specimen at ono month. In this section the epithelium ia early columnar 
in type. This is seen in the loft portion of the field. 

The only porllnent changes following this, in the animals sacrificed at longer intervals, 
lay in the fate of tho sutures and the tendency to form a slight ridge at the suture line 
following contraction of tho scar tissue. Around all of the sutures there was, in microscopic 
section, a significant foreign body reaction. Some of Iho sutures slowly worked into the 
lumen of tho bronchus, were cast out, and tho area was opUhelited. Other sutures, especially 
those around a cartilage, remained in tho wnll and tho cndobronclUal portion became com 
pletely epItholixeOL This opitlielixation of the sutures is demonstrated well in Fig. 2. 

Tho early ring of granulation tissue in tho lumen of tho bronchus was constant in all 
of tho dogs anaatomosed In this manner. The presence of this tlMue in the lumen was not 
desirable. It was necessarj- for the epithelium to grow over tliis ridge of tissue and this 
caused soma loss of functional lumen, however, in several weeks this area flattened out. The 
presence of the sutures through the mucosa and lying in tlio lumen of tlie bronchus was a 
source of constant irritation within tho bronclms. This scemod especially Important when 
the suture lino Involved tho wall of tho upper lobe orifice or one of tlie lobar bronclil os 
it did In several of the anlranls, Iloro a moderate amount of granulation tissue, together 
with edema, was In one Instauco enough to prevent proper aeration and drainage of the 
lobe. To improTO the suturo lino a very accurate approximation of tho mucosa seemed 
important, to avoid tho granulation tissuo ridge. It ^^ls desirable to place the sutures so 
that OB little 08 possible of the suture material would Uo within the lumen of the bronchns. 
The use of an averting mattress suturo seemed likely to satisfy in part these requlremcnta. 

(b) To test this hypotliesis ten dogs were used. Tlioracotomy was porformod In the 
same manner os before, A balloon was used to plug tho proximal broncliial segment, A 
Binglo row of horltontal everting mattress sutures was used, thus turning up a very small cuff. 

The actual technique varied somewhat with tho site of the bronchus. In the larger 
animals, wWle removing a section of tho bronchus, it was possible to cut close enough to 
the cartilago on either end of the removed cylinder to leave enough bronchial wall soft tissue 
to allow for closure without disturbing tho cartilages. In otliers attempts were made to re¬ 
move a cartilage without tearing its bed, and to use this tlssrio for the anastomosis. This 
proved tedious and usually resulted in tears through tho bed. Therefore, in the smaller 
snimali, the cartilaginous ring was cut acroaa transversely, without cutting the mucosa, in 
three places to allow a cuff to be turned up without undue distortion. Tho sutures were 
placed close to the cartilage. Wlieu snfBcient tissuo was not present between the rings for 
^iiastomosls, the sutures woro placed behind tho cartilage ring, thus turning up a larger cuff. 
Immediately postoperatively, there was no raw surface at the suture line and a cleft was seen 
where the cuff was turned outward. Bronchoscopy was done on the dogs weekly. In most 
^^^haals there was never a ring of granulation tlsimo In the lumen at the suture line. From 
the day of surgery the bronchial wall appeared smooth. Ihiring the first week thore were no 
sutures visible through the bronchoscope. There was absence of tho prominent rodnesa and 
seen in tho animals of group a. The dogs did less coughing and eeomed to have a 
•raoother postoperative course. 

If a large cuff had boen turned up the bronchos stretebod out and In several weeks 
•<^0 of the sutures could be seen; however, even then, there was no granulation tissue 
present in the lumen. 

Borne of the sutures cut through the wall and were cast off into the lumen but this 
not Bi constant as with the group a animals. The rest of the snixires wore toon covered 
over with opltiielium. At first one could see a groove where the cuff had been turned but 
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F1&. 3. 

FIb. 2.—Photomicrograph of specimen six weeks after smastomosls Just 
mucosa two silk sutures have been completely covered with epithelium. 
epithelium is present. Degeneration of cartilage can be seen, txio.j .nhere 

Fig. 3.—Photomicrograph of specimen one month after he seen In the left 

the sutule has traversed the well. Early colurrmar tjpe of enlthelium can be seen 
comer. Dense connective tissue Is present in the wall. (X126.; 
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this soon flattened out and the nrnll became voiy smooth ^rith a few suturos visible com¬ 
pletely cOTcrod with mucosa (bronchoscoptc obscmitlons). Fig. 4 shows a specimen at 
three and one-half weeks, Fig. 6 one at eight weeks, and Fig. 0 ono at ten weeks. In Fig. 4 
the suture lino has gone across the floor of tho upper lobe orifleo and there is a probe in the 
orlflco of the upper lobe. Bovornl of the sutures havo cut tlirough the mucosa, but no 
sutures are visible and there is very littlo reaction at the suture lino. Fig. 5, presenting a 
specimen at eight weeks, Bho^vB sevcinl sutoren to bo barely visible but those are completely 
covered with cpltliolium. There is no longer tho gioovo present seen in Fig. 4, there is no 


techntni®* ^S“Photogrtiph of specimen three and one-half weeks after anastomosis by cuff 
tiDniJl 1 wL. Stricture of right main bronchus was resected. Suture line ifO«» across floor of 
bornrtJSr® orlflco and a probe Is In tho orlflcc. Several sutures havo cut through the mucosa 
bs« hi visible. Slight groove can bo seen at tlio mucosal junction where tho cuff has 



Inflammation at the suture line, and no Joss of lumen from scar. In Fig. 6, at ton weeks, 
one suture ii visible, tho bronchial wall is entirely smooth, and there is no evidence of stenosis. 
It Is difficult to identify the suture line from tho mucosal surface but at the cut edge one 
^ Boe the turned up walh Fig. 7 Is a photomicrograph of a specimen at two months. There 
^ Blight groove In the mucosa where tho cuff has been turned and it demonstrates how the 
^tlra wall has flattened out. There is a moderate infiltration with leucocytes, and fibroblasts 
present. 

It was felt that this method of suturing represented a definite improvement upon those 
Q group a. In none of these ten dogs was thoro an appreciable loss of lumen nt lie suture 
■me even at eight months. Tlio lungs were grossly normal. Most of tiie improvement with 
* suturing lies within the first two to three months. In dogs sacrificed at six and 

months there was no great difference between the last dogs of group a and those of 
group b. 


io 

hue 
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Group II. Creation of Strictures Within the Major Bronchi, Their Besection, and Be- 
establishment of Bronchial Continuity by Anastomosis. —Thirteen dogs were used. Stenoses 
were created in either main bronchus by the following methods: 


(1) Injection of 30 per cent silver nitrate into the bronchial 


mucosa, 3 animals. 


Fig. B. 






Fig. B.—Photograph of a specimen. eight weeks after anastomosis by cuff tec^n • , 

stricture of the right main bronchus had been resected. Two sutures are barely yisiu c 
completely eplthellzed. The groove seen In Fig. 4 cannot be seen here. The wall na 
tened out. Line of anastomosis lies Immediately In front of upper lobe orifice. ^ 

Fig. 0.—Photograph of a specimen ten weeks after anastom^ls by cuff p, 

stricture of the main bronchus had been resected. "Wall Is smooth with fumed 

sis. One suture barely Is visible. Suture line Is difficult to Identify but at the edge rne 
up ■wall can be seen. A probe lies in the upper lobe orifice. 
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(2) Colloplinno wrapper around the bronchus^ 4 nnimala. 

(3) Umbilical tapo wrapper around tbe bronelins, 0 nnlroalfl. 

The nso of ailver nltruto proved dUBcnlt. It was necessary to Inject the solution 
through the bronclioscopo, making use of a long needle carrier, hypodermic nec<lle, and 
fjringe. The main bronebna is extremely abort. Usually some of the caustic material escaped 
from the wheal or needle and ran down into tho lobes. Painting with sponges involved the 
same dlfUcuUy. Those procedures resulted in a severe bronchopneumonia and tho ulceration 
and stenosis of tbe bronchus was not localirotl. The formation of the stenoses required 
numerous treatments with tho sll\*cr nitrate. Three animals were treated in this manner. 
The time between tho use of tho silver nltmtc and resection of the stenotic area varied 
between two and ten weeks. 





T-—Photomicrofnaph of a. specimen two months after anastomosis. The ffroovo 
oruUy t>ofn turned Inward, can bo lOentlfled. The wall has flattened out consld- 

In the remaining ten dogs tho chest wall was opened through the fifth rib bed, and 
tlie pleura opened and reflected off the bronchos. A mechanical stricturo of pbout GO per 
cent of the bronchial diameter was created by placing a cellophono wrapper (four dogs) or 
tnnbilical tape (six dogs) around the bronchos. The eellophane was tightened to give the 
desired stenosis and sutured together with 00000 silk. The umbilical tapo was tied at the 
desired tenaiou. The dogs were bronchoscoped and the stenoses visnaliied to see if the 
desired result had been accomplished. The cellophane had not been treated with polythene. 

The use of cellophane was discontinuod because it occasionally slipped, requiring an¬ 
other operation to reproduce the desired stricture. Bronchoscopy was done on the dogs 
If the animals developed obstructive Jiymptoms, they were aspirated, given peni- 
othin, and operated upon early. The time period between creation of the stenoses nni^ the 
*^*cctlon varied between thirteen doys to two and one-half months. One dog develop^ a 
Mrere stenosiB following silver nitrate treatments due to edema and ulceretioDu. He was 
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Group II. Creation of Strictures Within the Major Bronchi, Their Bcsection, and Tie- 
establishment of Bronchial Continuity by Anastomosis. —Thirteen dogs were used. Stenoses 
were created in either main bronchus by the following methods: 

(1) Injection of 30 per cent silver nitrate into the bronchial mucosa, 3 animals. 


PlB. 5. 



Fie. 6. 


Fig. 6.—Photograph of a specimen. eight weeks after anastomosis by and 

stricture of the right main bronchus had been resected. Two sutures are ^re^ yis 
completely eplthelized. The groove seen In Fig. 4 cannot be seen here, me wan 
tened out. Line of anastomosis lies immediately In front of upper lobe orifice. ^ 

Fig. 6.—Photograph of a specimen ten weeks after anastomosis by 
strlcture of the main bronchus had been resected. 'Wall Is smooth with no moence 
sis. One suture barely Is visible. Suture line is difficult to Identify but at the edge 
up wall can be seen, A probe lies In the upper lobe orifice. 
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presented a 20 p«r cent stenosis. This was not duo to scar tissue in tho wall of the bron¬ 
chus but to faulty plncing of tho sutures. Largo bites wore taken and the mombmnoui por¬ 
tion of tlio bronchus vma not aceuraleiy npposod. ^^^lon tho anastomosis vros completed there 
was a partial stricture from the actual nnnstomosla. 

^Vith^n sbe weeks numoroua sutures wore seen in tho lumen with varpng degrees of 
rcaeUon around them. Fig. 1 r1\ows a specimen at three montlva. Six sutures are visible. 
The wall othcr\riso is completely cpltUelitod and tlioro is no loss of lumen from the suture lino. 

Fig. 3 represents a spocimon at flvo months. Sovornl sutures were visible but completely 
epithellrcd. Tho mucosa was columnar in typo and cillatod as seen in Fig. 9, which is n 
section through tho bronchial wall at tho suture line. Tlio rounil-eoll infiltmtion in the rigiit 
portion of tho field, beneath tho mucosa, is duo in imrt to the presence of a suture. The 
mucosal surface of tho suture lino was slightly raised. At seven months no sutures wore 
viiiblo on tho mocosal surface. There was a slight ridgo on tho mucosal surface of tlio 
suture lino, representing a siiglit losn of Inmcn from the anastomosis. 





—Photomicrograph of a vection tlirouch the «utupo line five months after an^to- 
sMb tj-.i l'Lji ^ suture can be wen on the edgo of the outer wall and there li conolder- 

Tho Inflltratton beneath the mucosa on the right, where a sutnro has cut through, 

epithelium Is ciliated columnar, (xl26.) 

In one animal a stricture of the left lowor lobe was resected. The animal ^vaa sacrificed 
two months. Tlio lowor lobe was grossly normal in appearance. There were two small 
‘“‘^^uons In the mucosa wliore sutures hod sloughed out. There was approximately a 36 
cent loss of Inmon. from stricture formation, but all of the lobular orifices were patent 
the lobe well expanded. 

had ^ it was found at operation that the tnpo used to create tho stricture 

, ^ through tho outer surface of the bronchus and was complotely co\*erod. The stric- 

was difficult to identify, and it was neeosBory to open the bronchus to find tlie tape. 
thftTu coTfirod by epithelium and lying within tho bronchial wall. It was believed 

would have been cost off Into the bronchus in time. 
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DISCUSSION 

It is appreciated that the physical arrangement of the pulmonary hdus of 
a dog is more conducive to surgery than the bronclius in man. In the dog, the 
fissures are complete and the main bronch.us is readily and easily exposed. The 
possible cUnical applications pf these experiments are therefore not clear. How¬ 
ever, one can postulate several situations in v?hich the procedure could be used 
should the bronchus prove accessible: 

(1) Traumatic rupture of the bronchus 

(2) Adenoma of the bronchus 

(3) Benign tumor of the bronchus requiring resection 

(4) Local stricture associated with trauma, foreign body, chemical bum, 
etc., with evidence of normal pulmonaiy parenchyma distally. 

(5) Accidental severing of the bronchus dni’ing surgery. 

In two of the dogs a Gelfoam sponge was placed over the outer surface 
of tlie suture line and the pleura closed in the usual manner, 'Wlien these 
animals were sacrificed several months later a much denser area of sear tissue 
was encountered than was expected or found in the other animals. The papers 
of Hanlon and Daniel have demonstrated the manner in which Gelfoam acts 
as a lattice for the ingrowth of fibrous tissue. Because of the tendency to in¬ 
crease the amount of scar tissue at the anastomosis, its use was discontinued 
in the experiments on bronchial anastomosis. Ideally one -wished to have only 
enough scar tissue at the anastomosis to secure union. 

It would follow from these experiments, if one can achieve an accurate 
approximation of mucosa to mucosa, that the epithelium acts as a bridge for the 
ingro-wth of granulation tissue in the outer wall and there is a minimum of scar 
at the union of the mucosa. In these experiments the use of horizontal mattress 
sutures, turning up a small cuff, offered a result superior to that when simple 
through-and-throngh sutui’es were used. 

The use of silk carries some objections. It is not absorbable and the ma¬ 
jority of the sutures are cast off into the Inmon of the bronchus. If cast off 
they leave a path of granulation tissue through the wall to the lumen. If in¬ 
cased within the wall they cause a significant amount of scar tissue. In these 
experiments the sUlc was waxed in all but the first few to prevent dragging 
submucosal tissue through the needle holes. In one aninral 00000 Nylon -was 
used. This suture presented a smooth surface and was very easj^ to work -with. 
Some animals are under obseiwation now in which 00000 medium chromic cat¬ 
gut was used for the anastomosis. 

In some of the specimens the suture line went across the upper lobe orifice. 
Healing occurred readily without atelectasis of the lobe or stenosis of the orifice. 
In these cases the use of the cuff technique is especially valuable. It prevents 
the ingrowth of granulation tissue between the mucosal edges, and there is 
less likeliliood of stricture formation at -the orifice. 

Prom the results of tlie use of rigid clamps on the bronchus in the first five 
dogs of Group I (a) it would seem hazardous to use such a clamp on the proxi¬ 
mal end of the bronchus in pulmonarj’- resection. We feel this true not because 



JACKSON ET AL,.: nnONCIIIAL ANASTOAIOSIS 


641 


of tho doiiso scar lisaue tliat was formed, but bccauso in two dogs broucbopleiiral 
fistulas wilb local erapyomns occurred. 

The specimens were prcsoiwed and moiiiitcd in gelatin after the technique 
described by IToiivard.* 


CONCLtIHONS 

1. Tho bronclius has been divided and anastomosed in thirty-three dogs. 

2. THvo methods of aiiastomo.sis were used, namely, a simple end-to-end 
closure and an everting cuff closure. 

3. Tho occurrence of unsatisfactoi’y incidents was much loss in the everting 
cuff method. 

4. Bronchial stenoses were produced and treated hy resection and anas¬ 
tomosis with satisfactory results. 

5. Tho problem and its eliuical application has been discussed. 
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DLSCU3SIOK 


DR, TUTTLE,—IVo have ufiod tide method in the human being. The patient was 
a man who had had a snare typo of lobectomy done some ten years previously. He 
recently returned to us bleeding from the long and a bronchogmm revealed that ho bad 
a lironchiectnsis of the lingtda, which had not been removed at the time of the previous 
operation. Ro-explomtlon and a liugulectomy were done. It was then realised that 
the dorsal division of tho lower lobe had been left at tho time of the snare lobectomy. 
In the process of cutting across tho main bronchus above the dorsal division bronchus it was 
suddenly reallicd that because of the shortening which hnfl occurred from tho previous 
lobectomy, tho division would haw to conio above the upper lobe bronchial orifleo. Wlicn 
this situation wni evident it was decided to sever tho bronchos and anastomose the upper 
lobo bronchial orifleo to tho main loft bronchial stem bronchus. Tliis was done with inter- 
ropted sutures of flno silk. Tho postoporativo course was uneventful with tho exception 
of one incident of atelectasis on .the fourth postoi)emtivo duy. Bronchoscopy was done at 
this time and the suture lino was well visunliMKl and soomed to bo well healed, lie has 
™nde an uneventful recovery and the loft upper IoIkj is completely aerated. 


DE, ROLUNB IIANLON, Baltimore.—T Imve enjo^'od this presentation by Dr. Jackson 
and his associates. Wo all reallzo that results in experimental studies on animals cannot be 
applied without reservation to human beings, llowevor, I am sure that tho principle* he 
has enanclalod are valid- 

Dr. Jackson tested tlie use of gelatin sponge ns a supplement to conventional bron- 
c suture and discontinued Its uso because of Die fibrous tissue reaction which was noted 
n ^0 vicinity of iLo sponge. As we liave pointed out olscwhoro, this fibrous tissue reaction 
benefi cial in early stages of bronchial repair, since it 5* capable of providing, without 

•Dr, Eug^e Woodroft was coniultant patholoclst In the evaluation of the spocliaeos. 



642 


THE JOURNAL OF THORACIC SURGERY 


the use of sutures, the airtight closure that is essential in aU types of surgery of the bronchus. 
Unless it he demonstrated that this fibrous tissue 'svill subsequently constrict the bronchus, we 
should not reject the possibility of its use ns an additional safeguard in bronchial suture. 

I should like to refer to the use of gelatin sponge in another type of experiment, where 
it was used to repair win'dow-like defects in the bronchial wall of dogs. In a high percent¬ 
age of instances there was satisfactory healing, although in no case were sutures used to hold 
the material in place against the defect. On bronchoscopic examination several months later 
there was smooth healing without evidence of constriction. Similarly, in excision of the 
left upper lobe in the dog, with the bronchial stump covered merely by gelatin sponge without 
suture, bronchoscopy at intervals for several months showed smooth healing without granu¬ 
lations in the stump. This teclmique is suggested as an ancillary measure in the repair of 
bronchial defects occurring during excisional surgery of the lung or bronchus. 

DB. OSLEE ABBOTT, Atlanta.—I wonder whether or not a vertical figure-of-eiglit 
suture might not be more beneficial than interrupted mattress sutures, with less occluded 
blood supply. We have utilized this in recent work in resection on the lateral tracheal wall 
in carcinoma of the upper lobe. Tliese sutures are not grossly visible on bronchoscopy, and 
I believe they are quite satisfactory' as a method of anastomosis. 



THE EECOQNITION AND CORKECTION OP CONSTRICTIVE 
PERICARDITIS 


Emile Holmak, WJD. 
Si\N PlUNCISCO, Caltp. 


T he successCiil correction of conslrictive pericarditis is dciicndent upon two 
factors: (I) the clinical recognition and treatment of the disease at a time 
when the condition of the myocardium and circulatory apparatus will permit 
recovery once the heart has been released from bondage, and (2) upon an 
adequate pcricardicctomy by the operating surgeon. 

The recognition of the disease falls obriously and ineritably upon the 
internist, who must at all times be aware of its imminent possibility in any case 
of obscure ascites. It is said that a number of eases of constrictive pericarditis 
amenable to correction by operation are now improperly labeled tuberculous 
peritonitis, cirrhosis of the liver, valvular heart disease, or ascites of unknown 
origin. 

The characteristic features common to most eases of constrictive peri¬ 
carditis are: (1) increased venous pressure, (2) some form of peripheral 
edema associated usually with ascites or pleural effusion or both, (3) a quiet 
heart with normal blood pressure, and normal heart sounds, (4) an elootro- 
onrdiogrnm exhibiting a low voltage in the QRS complex and inversion of the 
T Waves, and occasionally (5) rocntgenographic oridcncc of a calcified peri¬ 
cardium. The heart may be uomial, slightly larger, or smaller than normal in 
size. AVhen a febrile illness accompanied by pericardial effusion is followed 
by reduction in size of the heart, and by signs of cardiac failure such as 
ascites, pleural effusion, and inerensed venous pressure, ono should strongly 
suspect the development of constrictivo pericarditis. 

In the surgical correction of the disease, tivo points must he strongly 
emphasized: (1) an operative approach that permits ready access to all 
cntical areas requiring decortication, (2) an adequate decortication of the 
heart, including liberation particidarly of the right heart and of tlie inferior and 
superior venae cavae. Exposure of the heart through the left parasternal in¬ 
cision as usually practiced is considered quite inadequate, as is also the trans¬ 
thoracic approach through the fifth or sixth interspace. Both these incisions 
serve adequately for exposure of the left side of the heart, but experience 
indicates that it is the right side of the heart that requires the more complete 
decortication, and therefore a more complete exposure of this side is impera¬ 
tive 


Moreover, decortication of the thick-walled left ventricle is fraught ivith 
much less danger than is the removal of the pericardium over the thinned-out 
ght V entricle and over the normally thin right auricle and the two vonae 

SarreSf^v-M Twenty-Ninth Annual MeaUnc of Tho American AajocIaUon for Thoracic 
A'^New Oriean^ La, March 18, SO, ana 51, 18U. 
vrnm the Stanfora ■Untvenity School of Moaiolna 


SIB 
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cavae. It is quite probable that inadequate exposure was a factor in some of 
the twenty-one recorded deaths on the operating table. 

As indicated above, the pericardium over the left ventricle has not in 
our cases been as greatly thickened nor as “oppressive” as the pericardium 
over the right heart and the two eaval vessels. An explanation for this may 
lie in the greater and more forceful pulsating action of the left ventricle which 
forces the irritating pericardial fluid of the preconstrictive period of effusion 
into the less active and more quiet areas with eonsequently greater inflam¬ 
matory excitation of the overlyuig'pericardium. If the strongly pulsating, 
highly muscular left ventricle can be hampered visibly in its activity by a con¬ 
stricting pericardium as seen at fluoroscopy, how much more vulnerable to 
such constriction would be the more easily compressible right heart and the 
superior and inferior venae cavae as they lie in the intrapericardial space. 
The effects of such compression have been studied in our experimental lahora- 
toiy. Constriction of the inferior vena cava to one-half its normal caliber 
in a 14 kilogram dog produced a permanent ascites in approximately seven 
days. Constriction of the pulmonary artery to approximately one-half its 
normal caliber led to the development of an ascites in about seven days. Con¬ 
striction of the superior vena cava alone above the azygos vein produced no 
trouble, but when constricted below the entrance of the azygos vein, a pleural 
effusion occurred on about the ninth day. This last observation suggests that 
the pleural effusions so commonly observed in the presence of constrictive 
pericarditis may not be due necessarily to compression of the left heart but 
to superior vena caAml constriction. Even more imperative, therefore, is the 
need of decorticating the superior vena caAm. 

The thickened pericardium lying between the inferior border of the heart 
and the diaphragm is also a critical structure requiring exeision. Probably 
as the result of gruAUty, the irritating pericardial fluid of the effusion period, 
Avhieh usually precedes the scarring, is directed to the bottom of the peri¬ 
cardial sac, thus subjeetmg the diaphragmatic pericardium to marked inflam¬ 
mation and, therefore, to marked thickening and marked subsequent con¬ 
traction. This thickened pericardial sheet anchoi'S the heart rigidly to the 
diaphragm, so that as the latter descends in inspiration, the heart is 
hampered even further by traction resulting in limitation of its filling and 
of its contraction. It is this increased restriction of cardiac filling and contrac¬ 
tion due to the descent of the diaphragm to which is ascribed the momentary 
disappearance of the pulse, the so-called paradoxical pulse that invariably 
accompanies constrictive pericarditis. 

The calcified and thickened pericardium on the posterior aspect of the 
heart cannot and need not be removed, but it is important to recognize that 
fibrous tissue left behind wiU continue to contract, that, therefore, the re¬ 
moval only of the easily accessible anterior pericardiiun is quite inadequate, 
and that a satisfactory pericardiectomy must include excision of the constrict¬ 
ing envelope beyond the left cardiac border, beyond the right cardiac border, 
and beyond the inferior cardiac border. This beyond the border decortication 
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is necessary in order Hint the senr that remains inny not, in eontrncting further, 
enclose the heart in its grip. 

It is obrious thnt to perform such an extensive pcrienrdiectomy, a truly 
adequate exposure of the heart is noecssary. This is best achieved through 
a limited median sternotom.v fi-om xiphisternum to the second intercostal 
space where a transverse incision through the sternum permits lateral displace¬ 
ment of the bisected .sternum and the attached libs. 

The ohjcction thnt in median steniotomj’ both thoracic caiitics may he 
entered is no longer valid since intratracheal anesthesia is usually employed. 
A rent into the left pleural carily can usually he avoided or can ho closed 
successfully, hut it is almost inc\-itnhlc thnt the right thoracic cavity be entered 
if adequate liberation of the two venae cavne is to he achieved. Folloiving 
careful displacement of the pleura latcmlward on both sides, the pericardium 
Is incised over the area of the left ventricle and is cautiously mobilized beyond 
the left border of the heart as far laterally ns the left phrenic nerve (if it 
can he identified) which should not be injured; the pericardium over the right 
ventricle is then mobilized anteriorly, with excision of the pericardium ovor- 
bing the pulmonary artery, the nseending aorta, and the superior vena cava. 
The right border of the heart is freed so ns to yield a good view of the superior 
and inferior venae cavne. Infcriorly the henry, frequently cnloiflcd peri- 
cardinm bring between the inferior border of the heart and the diaphragm 
IS excised from the inferior vena eava on the right border to the apex of the 
left ventricle on the left border. In this excision normal muscle bundles of 
the diaphiugm should he exposed. 

The right auricle must be liberated with caution if direct removal of the 
overlying pericardium is attempted. Thnt its removal is possible was proved 
by our experiences, hut if this seems too hazardous, the pericardium may bo 
incised both along the nuriculoventriculnr groove and at the base of the 
heart, learing the intervening pcricnnlium attached to the auricle. This has 
the effect of liberation and should permit the desired expansion of the auricle. 

The elosurc of the median sternotomy is easily effected by the use of 
two or three No. 20 stainless steel sutures applied not to cartilage but to the 
bony part of the sternum, a precaution designed to avert infection in such 
poorly vascularized tissue ns cartilage. The prcpectoral fascia is mobilized 
on both sides for approximation in the midlinc -with interrupted silk or cotton 
sutures. 

"Wo consider removal of the thoracic wall overljring the heart ns unneces¬ 
sary. In constrictive pericarditis the heart is limited not by the bony thorax 
but by the pericardium. 

Because of the large area of denuded and traumatized tissue produced by 
poncardiectomy, sometimes performed in the presence of active tuberculous 
granulation tissue, there may be a considerable outpouring of wound fluid 
necessitating drainage of the operative site. This drainage has been effected 
by deliberately incising the right pleura along its mediastinal border where it 
nas not already been opened and providing for removal of the fluid fi'om the 
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right chest either by repeated aspirations or by intercostal tnbe. drainage. In 
the seven eases in which median sternotomy was used, complete primary heal¬ 
ing of the operative wound has occurred, even in the presence of an active 
tuberculous pericarditis in four eases. 

A useful tool in separating the heart from the pericardium is the so- 
called “peanut” dissector, a small round pea-sized bit of gauze in a curved 
clamp. By painstaking slow dissection, now blimt now sharp, the proper 
cleavage plane can be maintained, but it is easily lost if speed rather than 
safety is the watchword. 

Bigger’s suggestion to retain the pericardiiun back of the advancing edge 
of dissection between pericardium and myocardium may be lifesaving in ease 
the myocardial wall is accidentally perforated, or excessive bleeding is en¬ 
countered. Eesuturing the liberated but still attached pericardium to the myo¬ 
cardial surface may effectively control .such perforation or bleeding. 

Selection of the optimum time for operation may be difficult, and must 
be determined by conditions present in the indmdual case. In the absence of 
fever, and in the presence of calcification, which in itself is evidence of a long¬ 
standing chronic state, the detrimental effects of the disease are wholly 
mechanical in origin and the operation may be done at any time folloiving a 
perfod of bed rest, durhig Avliich the elimination of tissue fluids is promoted by 
a low sodium diet and by chemically induced diuresis. Optimum nuti’ition 
with supplementary vitamins should be stressed and the thoracic and ab¬ 
dominal carfties should be emptied of their fluid as completely as possible by 
aspiration just before operation. 

When the signs of compression are accompanied also by signs of acute 
inflammation, the problem becomes twofold: control of infection and cor¬ 
rection of the mechanical obstruction to the normal circulation of the blood. 
The immediate ti'eatment of the infection obviously requires rest in bed, 
optimum nutrition including supplementary vitamins, the. administration of 
penicillin and streptomycin on the assinnption of tuberculosis since tubercu¬ 
losis usually camiot be proved or disproved until operation, and the correction 
of anemia. Improvement "will be apparent from the reduction in fever, lower¬ 
ing of pulse rate, and decreased sedimentation rate. Operation may be delayed 
until such improvement is manifested, but should not be delayed long if the 
mechanical disturbances of compression are incapacitating and progressive. 
Under these conditions, the sooner the compression is corrected the better will 
be the ultimate results. In Case 4 only seven months elapsed from the onset of 
symptoms due to acute pericarditis with effusion to pericardieetomy for 
constricting perfcardium; in Case 5, ten and one-half months elapsed. In both 
cases tubercle bacilli were demonstrated on culture of pericardial fluid re¬ 
moved at operation. 

The administration of streptomycin decreases the hazard of operating m 
the presence of active tuberculous pericarditis. In Case 4, streptomycin Avas 
reserved for the immediate postoperative period, since tliis was considered 
the crucial period of reeoveiy, and its adminisriation was continued for three 
months after,operation. ' 
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In Cnao 5, on the nssuin])tion of nn nclivo tuborculoiis pericnrelitis, stvepto- 
myciu 1 Qm. dnily, wna ndmiiiiatcmt from Nov. 27, 1947, to JIarcli 23, 1948. 
Perieardiectomy wns ])crfornio(l Mny 15, 1948, nnd streptomycin, 2 Gm. doily, 
wns ngnin ndminiatered from JIny 10 to July 6, nnd 1 Om. doily from July 
G to Aug. 10,1948. 

SOMJIARV 

In 266 recorded opcrnlions for eonstrictivc pericarditis, 21 dentils occurred 
on the opernting table, 48 denths oceuri-cd in the early postopomtivc period, 118 
cases were considered ciusid and 44 cases improved. 

A sotisfoctoTT nnd ndequato perieardiectomy must include liberation of 
all borders of the heart nnd of both venae eavnc. The inferior cardiac border 
must be liberated by c.vcision of the pcriennliiim lying lietwccn the heart and 
the diaphragm. 

Persistence of ascites following periennlicctomy is evidence of on iuadc- 
iiunto decortication nnd demands rco)iernlion nnd removal of more sear, rather 
than an omentopexy or Talma operation. 

To achieve the exiiosivrc necessary for nn ndequate inspection nnd decortica¬ 
tion of the heart, a median sternotomy with transverse division of the sternum 
in the second interspace is rceommended. The stcnium is I'capproximated by 
several Rtaiulcas steel sutures inserted through lionc, not through avascular 
eartilnge. 

The wound should bo drained, preferably into the right pleural space from 
which the fluid can be removed either by aspiration or by intercostal drainage. 

In patients siutpectctl of having tuberculosis or in those in whom evidence 
of active inflammation is present, the iireopcrativo preparation should include 
a prolonged period of bed rest with optimum nutrition, and the administration 
of penicillin and streptomycin. Operation should not be deferred unduly if the 
sjTnptoms of compression are incnpacitntiiig, unaffected by therapy, and pro¬ 
gressive. 

Operation wns performed in nine cases; five of luiknorvn etiologj^ with 
one death nnd four cures; and four of active tuberculous pericarditis, with 
marked improvement in all, nnd with probably complete cure in two. 
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DISCU.SSION 


DR. ALFRED BLALOCK, Baltimore.—Our experience confirms that of Dr. Holman. 
We, however, use an incision which extends from the top to the bottom of the sternum; that 
is, the sternum is split from tlie sup’rastemal notch to tlie upper abdominal region. I dis 
agree with Dr. Holman that a Lebsche knife is an especially traumatic instrument. It w 
only the uppermost part of the sternum which consists of hard bone and the rest of it ns 
split quite easily. In five consecutive cases we have used this incision and it has been our iffl 
pression that the venous pressure has declined much more rapidly and the ascites has dis¬ 
appeared more rapidlj' than in previous cases in which we have used a left or right parastema 
incision. 


Recently we used this median sternotomy in approaching the pulmonary valve of a 
patient who was diagnosed ns having pure pulmonic stenosis. It gives an excellent ex^posure o 
the right ventricle and of the pulmonary artery, as Dr. Holman lias stated, and a good direc 
tion in which to work with a valvulotome. I do not think, however, that this incision woul 
be very useful in an approach to the mitral valve or the aortic valve. 


DR. JULIAN JOHNSON, Philadelphia.—^We have used an incision that is a litt e 
different in order to obtain the same general magnitude of exposure. It is a transverse m 
cision which extends from the midaxiUarj' line on one side to the midaxillnry line on the ot er. 
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It is mad® In the third or fourth intcrtpaco nnd divides the atemum but no ribs. By placing 
tho rib spreader between tlio two ends of the sternum a nide exposure may be obtained. It 
has the advantage of affording excellent exposure to both sides of tho heart os far around os 
desired. 

DU. ABTIlUIt 8. "W. TOtmOFF, New York.—I ntis very much impressed by Dr. 
Holman's presentation of tho Irans-stcrDnl approach in cases of constrictive pericaiditis- 
I, personally, favor a free loft-sldcd, transpleural incision for tho reason that it appears to bo 
less traumatic and also affords a better exposure of tho apex and posterior surface of the 
heart than tho incision which Dr. Holman advocates. (Slides.) I make a submammary in- 
dsion in tho fifth, left, iatorcostnl space and divido the fourth and fifth costal cartilages. 
By carrying tho incision from tho left border of tho sternum well into tho axilla, and retract¬ 
ing tho edges of tho wound widely, ono is able to get an excellent exposure of the heart. In 
performing poricnrdlcctomy through this incision, it is possible to dccorticato the major por¬ 
tion of tho anterior and diaphragmatic surfaces, tho entire apex and a largo imrt of the 
posterior surface. Tho exposoro of tho loft lateral and posterior aspects of the heart are so 
complete, as to make It essential to identify and carefully retract tho left phrenic nerve ns It 
courses over the pericardium. By grasping tho thickened pericardium as it is freed from 
the anterior surface of tho heart, and making strong traction tomird tho left, it is surprising 
how far tho decortication can bo carried toward tlie right side of tho heart Tho best evidence 
of tho adequacy of tho approach is the fact that in none of onr cases has the end result been 
unsatisfactory and in none has it been necessary to reopemte. I agree with Dr. Holman 
that dceortication of tho right hc?art is essential, for ono of the most important features of 
eonstrictlro pericarditis is tho inability of this portion of tho heart to fill adequately. As 
regards complete freeing of tho superior nnd inferior venao cuvae, I am not sure thnt it is 
wsentiah I am certain that I havo not been able to do tljis through tho incision which I have 
nsed, and yet all of our results ha\‘o boon excellent. Accordingly, I am inclined to the view 
that unless tho came arc completely occludml—which is seldom, if ever, tho case—an in¬ 
creased mto of blood flow through tho partially constricted cavne tends to compensato for the 
narrowed cavnl lumino. Under such circumstances freeing of tho right heart, rather than 
tho cavnl areas, has yielded entirely satisfactory rwulls. 

dr. LOUIS R. DA'NTHSON, New York, N. Y.—I rise to correct an impression created 
hy Dr. Holman to tho cfToct that using a Ixjbscho knife is a dangerous procedure, by virtue 
of tho fact that tho patient is markedly shocked thereby. I ora in full accord with Dr. 
Blalock’s remarks in this connection. I have used this instrument in thirteen cases of clironlo 
constrictive pericarditis. It Ims also been used in tho caso of mj-asthcnla gravis and also in 
CW8 of mediastinal exploration for parathyroid tumors. In no instance has it been regretted 
that the 1/ebscho knife had been used. "Wo aro firmly convinced thnt it is not traumatiring. 
In addition, and with very littlo difficulty, the surgeon can curve his osseous incision. 

IVhon Dr. Holman related he took cultures from the pericardial fluid, it brought to 
ndad tiuit one of thcM thirteen patients operated upon was proved to Imve had actinomycoaifl, 
I rogret that Dr. Holman’s customary careful technique docs not permit him to use a 
Lehsche knife, which I have found to bo a splendid instrument, particularly in. this field. 

DB, R. A DORNER, Des iloinea.—Dr. Holman merely mentioned tho use of strepto- 
patients with tuberculous pericarditis. Years ago, as you all know, patients with 
hcrculous pericarditis were carried along until it was felt that the active inflammatory 
completely subsided. In 1947 I operated upon a white man, aged 55 ymrs, from 
e medical service of Dr. Artliur AViso of the Iowa State Tuberculosis Sanatorium. This 
^ ent, with active tuberculous pericarditis, was losing ground during tho ''waiting period,” 
o^d from the pericardial sac contained tubercle bacilli; nnd on inoculated guinea pig was 
VC, The perlcardiectomy was carried out through a left stomal border approach re- 
as much perlcardinm as possible. Tlio patient improved for a time nnd then began 
evelop increasing ascites. I therefore made a right-sided incision and removed all of the 
P® caraiam from tho edge of tho left-sided operation down to nnd including the pcricardiiun 
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arormd the inferior vena cava. (From this experience I would agree tlioroughly with Dr. 
Holman that the venae cavae should he released. One could sec the blood rush into and dilate 
the intrapericardial portion of the cava as the pericardium was freed from around it.) I then 
proceeded to remove the pericardium from around the superior vena cava in a similar manner. 

Streptomycin was given to this patient as follows: Preoperatively: 250,000 imits every 
three hours the day before surgery and continued in this dosage postoperatively for three 
months. Five hundred thousand units were placed in the operative field. 

This patient’s convalescence was complicated by bilateral pleural effusions necessitating 
thoracenteses but these and generalized edema subsided quite rapidly after the second opera¬ 
tion. 

This patient had no evidence of tuberculosis elsewhere in the body; and imder strepto¬ 
mycin therapy, even though there was active tuberculosis at the time of the pericardiectomies, 
he regained his health and at the present time appears well. I think the point should be 
emphasized that with streptomycin therapy patients with active tuberculous pericarditis 
can be operated on and, perhaps, should be operated upon quite early after onset of symptoms. 


DR. CAhlERON HAIGHT, Ann Arbor, Mich.—The incision wliich Dr. Holman has 
described undoubtedly gives a better exposure of the right side of the heart and the 
inferior vena cava than does the conventional flap incision as described by Schmieden. 
We have modified the latter incision, however, by extending the inferior arm laterally 
and have found it to be completely satisfactory. This modified incision not only gives 
adequate exposure of the anterior aspect of the heart, thereby allowing decortication of 
all of the right ventricle, but more importantly it gives an adequate exposure of the entire 
surface of the left ventricle, allowing the removal of the pericardial scar, and epicardial 
scar if present, as far posteriorly as the point of entrance of the inferior vein into the left 
auricle. With this incision the angle of approach to the heart is from an anterolateral 
direction, rather than from an anterior direction, as is the case with the flap and the 
sternal splitting incisions. The operation is done transpleurally. 

During the last one and one-half years it has been our practice to drain the pleural 
space postoperatively with an airtight intercostal tube. Formerly, when using the extra¬ 
pleural flap incision, the pericardial wound was drained into the pleural space by an in¬ 
tentional opening of the pleura before closure of the wound, and the subsequent effusion 
was removed by thoracentesis. If an obliterative pleuritis had occurred, the pericardial 
wound was drained locally -with a Penrose drain. In these cases we observed a tendency 
for a temporary formation of new pericardial scar due to incomplete drainage of the 
serosanguineous effusion and a resultant fibrinous deposit on the heart. Convalescence was 
at times considerably delayed until the new scar had thinned. In order to minimize the 
tendency for the reformation of pericardial scar, we now drain the pleural cavity with 
an air-tight intercostal tube. Should the pleural space be obliterated by adhesions, an 
intrapleural pneumonolysis of the lower one-half of the lung is done, so as to form an 
actual space adequate for drainage. As a result of the wide decortication of both ven 
tricles, together with the use of drainage of the pleural space, the postoperative convales 
cence has been more rapid than formerly, and the return of cardiac function has been um 
formly better than with the previous plan of management. 


DR. EDWARD D. CHURCHILL, Boston.—It is of interest that at the time Dr. 
Holman lias been moving toward the right, my own position has been shifting to the IMt. 
And somewhat paradoxically, if the politically derived metaphor is continued, I have e 
come less radical while doing so. The impediment to the action of the heart caused by 
constrictive pericarditis seems to me to center in the restriction of ventricular action, an 
distortion of auriculoventricular channels. This change in emphasis has been based on the 
careful observation of patients that have not been totally relieved by the operation shown 
by Dr. Holman. Studies with'cardiac catheterization have pointed toward difficulty on 
the left side of the heart; consequently we have made a more determined effort at e 
initial operation to expose fully this area. The phrenic nerve is identified, dissected 
the pericardium, and suspended so that one may work under it. The dissection is came 
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back along tho loft nuriculovontricular groove. Tho entrance of tho pulmonary veins into 
tlio left anricle is exposed and liberated. I believe this is a crucial area because residual 
scarring at that i>oint may simulate advanced mitral stenosis. 

DR. J. E. HEAD, Chicago.—Of tho thirteen patients T\'ho underwent surgery at Hines 
Hospital, there wos a striking difference in tho operative results when one compared 
the patients resected early against those resected late in tho course of the disease. In 
the group of advanced coses, five patients were operated on, throe showed moderate im¬ 
provement, one showed no improvement, and there was one immediate postoperative death. 
In contrast, there wore eight coses resected in the loss advanced group with excellent 
results in all. This omphaslzos tho desimhUity of corly operative intervention. In the far 
advanced eases, wo have often found spicules of calcium with musbroomlike ends invading 
the myocardium and making its removal from this already weakened muscle very risky if 
not impossible. 

Tho problem of contacting patients during tho early phase of the disease is ob¬ 
viously difficult. Tho diagnosis of acute pericarditis is frequently overlooked and the 
patient may be relatively asymptomatic until the terminal etagos of the constriction. Be¬ 
cause of tho good results with surgorj' early in the disease. Dr. Lyle Baker, Chief of 
lledicine, has established the policy of careful follow-up studies in nil eases of acute peri¬ 
carditis. If with tho absorption of tho offosion and return of tho heart sire to normal there la 
decreased pulsation on fluoroscopy and associated with this an increasing venous pressure 
and circulation time, it Is thou apparent that compression is taking place. If this com¬ 
pression continues to progress after a period of observation, operation is indicated provid¬ 
ing the disease is stabilised ns indicated by tho patient's temperature and sedimentation 
rate. Antibiotics have helped to shorten this stabilization time and allow these patients 
to come to surgery at qu oven earlier and more advantageous stage of tho disease. While 
only eomparotlvcly few patients who suffor from acute pericarditis will develop chronic 
coiaprefsioQ, it is urged that they be followed closely and operated on early when evidence 
of progressivo compression is conAnnod. . 

DE, E, E. AYEET, Chicago.—The etiology of one of our coses of acute constrictive 
pericarditis with resection at Hines Hospital proved to be an orgnnited hemopericardinm. 
This young Negro man suffered a stab wound of tho heart, and when first seen had an 
obvious cardiac tnmponado. The heart size gradually returned to normal size but there 
was a progressive decrease in cardiac pulsation on fluoroscopy with incroasiug venous pres- 
sare and circulation time. Although wo could find no reference to this condition, we felt 
that the pathogenesis was probably analogous to that of an organizing hemothorax, as has 
been so well described by Langston, Tuttle, and Samson. With this similarity in mind, two 
roonths wero allo>rod to pass before poricardioctomy was done so that the ulot would have 
•afficiftjit time to organize and thereby facilitate decortication. At surgery the thick¬ 
ened pericardium with an adherent organized clot was resected. The eplcanlium was also 
ccwored with an- organized fibrinous clot approximately one centimeter in thickness. A 
plane of cloavagd was developed and the clot was easily stripped from the heart with 
Sfontle dissection. We do not know how often this situation may occur In hemopericardinm, 
but We do feel that these cases should bo carefully followed for evidence of progressive 
^oniproaslorL, and that tho optimum time for decortication is probably six to ten weeks, at 
which time the clot is not densely adherent but is sufficiently firm to peel easily. 

dr. HOLHAN.—The approach through the left thoracic cage seems to me to have 
inherent dangers of not exposing that iKJrtion of the-heart which is most vulnerable 
« trauma and to accidental tears while freeing tlio pericardium from the right aide of the 
^rt, which I boUeve wo all agree must be Ubomlly decorticated. Accordingly, I would 
^ery hesitant to use an approach that does not give good access to tho right auricle 
^ well as the right ventricle. 

I think most -writers aro agreed that It is tho inflow to the heart that is most im- 
^ ed by constrictivo iwricarditis rather than the outflow, and It is the obstruction to in- 
^ to which we ascribe tho predominant symptoms of effusion, ascites, and peripheral 
®iai, hence, tho greater need of liberating the venae cavae and the right heart: ■ 



A ]\IETHOD FOE EXPOSUEE OP THE CAEDIAC SEPTA 

An Experimental Study 

P. D. Dodrill, M.D. 

Detroit, Mich. 

M any investigatoi’S have successfully created defects of the cardiac septa. 

In more recent years, these have been done chiefly by Colm,^ Murray,^ 
Martin, Essex, BurcheU, and Edwards,® as weU as by Blakemore,^ Blalock and 
Hanlon,® and othei*s. "With the exception of the method of Blalock and Han¬ 
lon, these have been punch Avounds or stab wounds of the septa produced blindly. 
These latter authors excised a portion of the posterior margin of the inter¬ 
atrial septum under direct vision. 

An instrument has been demsed by which the right side of tlie heart, either 
the right atnum or the right ventricle, may be opened and the septum exposed 
for varjung lengtlis of time. The size of this exposure varies according to the 
instrument used and to the size of the heart to which it is applied. The septum, 
either the interatrial or the interventricular, may be exposed over a distance 
of 2 to 2.5 cm. in diameter. Various technical procedures can be carried out 
on the septa under direct vision. The incision in the right side of the heart is 
then closed. 

Eeference has been made in the literature to the interatrial septum being 
somewhat horizontally placed.® In fact, this has been given as the reason why 
the blood flow is from left to right in interatrial defects, the left antrium said 
to be superimposed or superior to the right. By more recent examination of the 
cardiac djmamics, especially bj^ venous catheterization, it has been found that 
the actual pressure in the left atiium is greater than that in the right, which 
accounts for the left to right floiv. In the dog, the right atrium is actually 
a little higher than the left. 

The instrament consists of a double idng stnicture. The proximal ring is 
a large one, two to three inches in diameter, Avhile the distal rings, which are 
placed at right angles to the fonner, are from 1.7 cm. up to 2.5 cm. in size 
(Pig. 1). The distal rings can be varied in size according to the size of the heart 
to which it is appEed. Inasmuch as the right side of the heart, especilly the 
right atrium, is slightly larger than the left, the ring of the clamp whicli ri to 
be appEed to the left side of the heart may be sEghtly smaUer than the right, 
thereby producing less obstimetion to the circulation on the left side of the heart. 

EXPOSURE OP INTERATRIAL SEPTUM 

In the appEeation to the atria, the large proximal ring encircles the base of 
the heart and the outflow tracks, while the distal rings approximate the lateral 
walls of both atiia against the septum (Fig. 2). ^Vlien the clamp is in place, 
there is no obstruction to the outfloAv of the ventricles. There is sufficient space 
around the distal rings when appEed to the atria to permit blood to reach the 

Read at Uie Tsventy-Nlnth Annual Meeting of The American Association for Thoracic 
Surgerj', New Orleans, March 29, 30, and 31. 1949. 

From tlie Research Division of Harper Hospital. 
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ventricles. AVithin the circle of tlio ring which collapses tlic atria, a vertical 
incision is made in the riglit atrial wall ns large ns the ring of the clamp permits. 
After the right atrial wall has been incised, a few interrupted sutures are placed 
in the edges of the incision for later closure. These sutures are placed at this 
time so that, if the heart shores signs of failure, they can be pulled up and the 
clamp released, thereby resting the heart and allowing it to regain its full func¬ 
tion. The clamp is then reapplied over the incision. Upon incising the right 
atrial wall, the inter-atrial septum is in view throughout the eirciunfercnco of the 


Inf. L—Tlie Irutrument u»ed for expofuro of the cardiac aepta. 

(Pig. 2, inset o and h). In tire application of the clamp to the atria, the 
lateral wall of tlie left atrium is situated far posteriorly and the septum lies 
direetly beneath the right atrium. One limb of the olamp, therefore, com¬ 
pletely encircles the base of tho heart and comes to rest to the right side of the 
orrtftow tracts. AVheu tho clamp is in place, obviorrsly there is some obstruction 
to the atrial blood flow, bnt tbis is not sirfflcrent to interfere seriously with the 
tardrac output for short intervals. 

The dogs have been ancsthctiicd with procaine solution intravcnorrsly. 

IT the heart has been exposed, it has Ixien further anestlrotized rvith procaine 
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solution topically. When the instrument is slowly but progressively applied to 
the atria, there may be some slight conduction disturbances which seem to dis¬ 
appear after the clamp is once firmlj’- in place. During the remainder of the 
time the clamp is applied to the atria, the heart is regular in rlij^thm. Too 
quick a clamping of the atria or too rapid a release of the clamp sets up conduc¬ 
tion disturbances which soon right themselves. The length of time which the 
heart \vill mtlistand the clamp in place varies considerably. Some animals 



Fig. 2.—Showing instrument applied to atria. Inset n shows sutures in place and clamp re- 
leased. Inset h shows clamp reapplied and defect of Interatrial septum bclngr maaa 


have withstood the clamp in place for thirty minutes, at the end of whicli time 
there was no sign of cardiac weakness or failure. Other hearts have vdthstood 
the clamp only a few minutes, perhaps three to five minutes, when they showed 
evidence of failure and the clamp liad to be released. If tlie clamp remains on 
after there are signs of poor heart function, the ventricles eventually go into 
fibrillation and the heart dies. Apparently the reason that sortie hearts liaio 
■withstood the clamp in place for so long a time is because of the size of the heaid 
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Fig. 5.—Tlie riglit atrial wall has been renwved. The sutur^ and bealea ^defect of tte 
interatrial septum is shown. There Is some distortion .of the septum a 
defect. One montli after operation. 
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in relation to the aize of the rinp« of the elnmp. By using InrgoV'flgj^'tffliruaK 
larger than thirty pounds in n-cight, the i-caulta arc much hotter nn^tmljCJo* 
casionnlly is the animal lost. 

By this method which I have used, a iiortion of the atrial septum, up to 2.G 
cm. in diameter, can he com])lotcly eximsed on its light surface. Defects, or 
communications with the left atrium, can he made under direct Aision of a 
knorni and desired .size, up to 2.5 cm. in diameter (Pigs. 3 and 4). Obviously, 



7,—Shwinc Infltrumont nppUod to vmtrlolcs with clowuro iutures In plnco. 


® defect of 2.5 cm. in the dog’s interatrial septum constitutes almost a total 
“cision. The resulting defect can bo closed by the use of a continuous Edik 
suture (Pig. 6). In some instances, whore the defect created was larger, it was 
(closed by suturing the edge of the defect to the loft atrial wall (Pig. 6). 

According to Templeton and Gibbon,' the superior and inferior venae eavne 
'’’sy be completely occluded for ns long as nine minutes and liavo Gie animal 
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survive. AVhilc the instrument npiilied to the ntrin may deci'cnse the nmoimt 
ot blood reachiup the veiitriele.s, there is no visilile dilatation of the venae eavao 
present. After the heart has licen totally expo.seil, a defeet in the intewtrial 
septum can he palpated by plncinp the index finpers on each atrial vvall and 
eomprcssdnp them apainst the septum. 



EXPOSURE OF INTEBI’E.NTRICULAR SEPTUJI 

In the application of the instrument to the vcntrielca, the left ventricular 
or posterior wall is eollap.sed apainst the septum, while Uie anterior or right ven¬ 
tricular wall is compressed against the anterior wall of the septum (Fig. 7). 
A transi-erse incision is then made uitliin the ring of the clamp through the 
nght ventricular wall. The septum ia exposed immediately beneath the ven- 
tncular wall. Inasmuch as the ventricular septum in the dog is composed of 
thick mnacnlaturo, similar to the ventricular wall, it is sometimes difficult to 
hnow when one has incised all the way through the ventrieular wall. After the 
'enlricnlar septum is exposed, two or three interrupted silk sutures may he 
P seed in the septum and the incision closed (Figs. 8 and 9). Also a defect in 
^ tt^Ptum may he created under direct vision. It has been possible to e.xpose 
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the septum high up near the pulmonary valve. In fact, in one instance, it was 
possible to place a suture in the middle pulmonary valve cusp (Fig. 10). The 
duration in which the instrmuent can he kept in place is comparatively short, 
not over three or four minutes. Some of the difficulty has been in the fact 
that the clamp may occlude the left coronary artery. Perhaps, by varying the 
size and shape of the posterior limb of the clamp and ■with some supplemental 
method of oxygenation during the procedure, the instrument can he apphed 
for longer periods of time. 

Approximately fifty operations have been done. During the early part of 
the period 'the mortality rate Avas approximately fifty per cent. However, Avith 
experience and practice, it is noAv possible to expose either the interatrial or the 
inteiwentrieular septum AAuth only an occasional death of the animal. This is 
particularly true in dealing Avith tlie interatrial septum since the instrument may 
be released at any time. 
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THE CHOICE OP THE SIDE FOB APPROACH IN OPERATIONS 
FOR PULMONARY STENOSIS 


CoMRAD R. Lam, SI.D. 

Detroit, Mien. 

B lalock on Nov. 29, ion, opemted on a 15-montlw)ld blue baby and created 
on anastomosis between the left sulielavian and pulmonary arteries. The 
operation was sueces.sful in increasing the quantity of blood flowing through 
the infant’s lungs and in a short time other children suffering from pulmonarj' 
stenosis were given similar surgical treatment. Four years later, he was able to 
report and analyze the results of over 600 operations.’ At first, it was thought 
that tlio systemic-pulmonar}- .shunt could be safely accomplished with the use of 
any of the larger vessels in tlie region of the aortic arch, namely, the two sub- 
clarians, the innominate, and the left comraou carotid arteries. However, the 
incidence of cerebral damage soon narrowed the choico to the two subclavians 
and, furthermore, Blalock early cxinessed a strong preference for one particular 
onbclavian, that which comes off the innominate artery rather than off the aorta 
itself, because of the more favorable angle fonned with the parent vessel after 
the rotation downward toward the pulmonary nrtciy. 

A method of producing the shunt without using any of the arterial branches 
became available when Potts and his aasociatos’ devised the aortic clamp which 
permits the creation of a direct aortic-pnlmonarj- anastomosis without even tem- 
poraiy complete ocelu.sion of the thoracic aorta. 

AVhon the surgeon is asked to operate on one of these patients, his pediatric 
colleagues -will inform him of the iKwition of the aortic arch (it is inclined toward 
the right in a fourth of the cases) and whether or not there is deirtroeardia (not 
fare in this group). He then has to decide whether a Blalock or Potts typo of 
procedure is indicated, and if the former, which side of the chest should be 
entered. It is not presumed that this communication will give the final answer 
to those questions, but it will present our personal experienee in 50 operations 
and will show how we have arrived at a simple rule for rcsohing the problem of 
the side for operative approach in the individual case. 

The fifty oporatious were carried out on forty-nine patients with pulmonary 
rtenosis or atresia. All of the patients wore examined prooporatively by Dr. 
Ro^rt Ziegler and Dr. Mn.son ^nes of the Dirision of Pediatric Cardiology, 
t IS to their credit that eveiy patient operated on was found to have a definite 
chcicncy in pulmonaiy circulation. They have also rendered yeoman service 
n the matter of postoperative care. Our failures have been due to technical 
errors in the operating room or grossly unfavorable anatomic situations. 

Blalock operations were planned for tliirty-fivc of the fifty patients. With 
'fo exceptions, the age range was from 2 to 24 years. Fifteen were over 12 
yrars of age. There were five failures to complete the operation. A girl, aged 
■ months, was found to have the pubnonarj' arterial tree represented only by 
_J^V_brancho3 to the upper pulmonary lobes, a condition verified at autopsy. 

Rms nivlalon oC aeneral Surgery of the Honry Ford Hospital. 

Tiranty-Nliith Annual Mooting of the American Aoaoclatlori for Thoracic 
"T. WfiT Orlonno, i.*., March S8, !0, II. 1949. <■ v 
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A girl of 20 months sliowed no vestige of a pulmonary artery at operation and 
post-mortem examination revealed that life had been maintained by blood wiiich 
reached the lungs through dilated bronchial arteries. A third patient expired 
on the operating table after the operation had been discontinued because of 
spells of bradycardia approaching asystole which occurred every time the right 
pulmonaiy arteiy was manipulated. This was the only death in the operating 
room. 

The other two operations were not completed because the right subclavian 
artery which arose from the innominate could not be approximated to the pul¬ 
monary arteiy so that an anastomosis could be made. Following are reports of 
these two cases. 



Fig. 1.—Roentgenograms of the chest. Case 2. showing the very high aortic arch. Xelther 
subclavian arterj- couici bo approximated to a pulmonarj’ arterj'. 


Case 1.—T. G. was a moderately cyanotic girl of 11 years, rather tall for her age. 
The aortic arch was on the left. On Sept. 10, 1946, the right chest was entered through 
the third interspace anteriorly. A fair sized, but thin pulmonary artery was availa e. 
The right subclavian arterj- was isolated in the superior mediastinum with considera e 
difficulty due partly to poor exposure through the third interspace incision. It was ligate 
and divided at as high a level as was practical. It could not be approximated to t ie 
pulmonary artery until the carotid artery was divided between ligatures so that the 
of the innominate could be added to that of the subclavian. Even then the tension ^ ® 
structures was. such that after the placement of the posterior suture line, a small mo\emen 
of the mediastinum or perhaps an assistant’s hand resulted in a disruption of the suture 
line. After a futile attempt at end-to-end anastomosis the chest was closed with the ^ o 
lowing vessels divided betv'een ligatures: right common carotid, right subclaidan and ng 
pulmonarj' arteries. The patient recovered consciousness, but became hemiplegic the nex 
day and expired a week later. It is probable that an approach on the left side would avo 
met with more success. Since that earlj' experience, wo have not interfered nit 6 
circulation to the brain by ligating the carotid or innominate arteries. 


Case 2. — J. F-j ^ aged 13 years, had a left aortic arch. On May 17, 1048 , e 
right subclavian artery was ligated and divided high in the apex of the chest. It cou 
not be approximated to the side of the pulmonary arterj-. An attempt was made to ma 
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fta anoatomcKfiw wUh the proxininJ en/l of the <li\i<led nrtoriftl )»r«rieh to the apper 2oho, 
bat because of tension on tbc stnictnr»‘fl ti funrliouing shunt could not be forniod. Tho 
anbclavian artery wns ligated nenr the InnuniiTinto nnd tho chest vms closcU. He survived 
the eiplomtlon nnd five months later he was oporatctl on npnin. A loft subcltivinn- 
palmonary nnnstomoHis Imd been planned. It wns fotind tlml tho nortic arch was extremely 
high in tho elicst, a fact which should have In'cn ol»vions from a glance at tho x-ray pic¬ 
ture (Fip. 1). Tho short length of subrlnvintt urterj* nvnilnble on this side was totally 
inadequate to n‘flcb the pnlnionarj’ nnd not even a Potts proreduro npj»enrcd to bo fonslblo 
Ifecauso the arch of the aorta was at least three llnpcrbrcnthH away from the pulmonary 


7i^re727C 7Z-. 

\ , DesceTici'inf Aori:a- 



^rancA of 
p!|ii A^u/mor?ar^ a,... 


—Operative procedure eventually carried out In Cose 2. Au nnastomoslg was 
ihT^-M “tween tho Inferior bmneb of the pulmonar>' arterj’ and tho deficendlng aorta with 
^ aid of 0 . large Potts-Snilth clamp. 


We considered using the intornol mammarj’ artery in some wny^-but fortunately 
a better solution was at hand. Tho dosconding x*®rtlou of the pulmonary arterj', distal to 
e Qngin of the largo branch to the upper lobe, was diasoctml out of the lung subetance 
with the uso of an extra large Potts-8mith clamp which had been made for use in 
operations for coarctation, a satisfactory direct aortic-pulmonary anoafomoHis was per- 
Pd (Pig. 2). necessary to ligate and divide the branch to the upper lobe in 
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order to obtain sufficient exposure of the descending branch. The boy now has a loud 
ductus murmur in the left lung held and the functional result has been as good as any in 
the series. It is ob^’iou3 that an approach from the left in the first instance would have 
saved him one hazardous operation. The availability of an assortment of Potts-Smith 
clamps should make it possible to make some sort of a shunt in all cases with a pulmonary 
artery without dependence on the capricious subclavian artery. 

There tvere two other instances of marked technical difficulty due to the 
short length of the subclavian artery coming off the innominate. Satisfactorily 
functioning anastomoses were finally made, but the patients expired on the day 
of operation due to hemorrhage from points other than the suture lines. 

Case 3.—A. S. was a woman aged 22 years. A left-subclavian pulmonary anastomosis 
had been made elsewhere on Oct. 28, 1946. Apparentlj' this had not functioned since 
operation, presumably because of the kinking due to the unfavorable angle. On April 21, 
1948, the right chest was opened and the subclavian artery was mobilized and di^’ided as 
far distally as possible. The pulmonary artery was verj' thoroughly mobilized and by 
.pulling it up into the mediastinum until it was V-shaped, it was possible to approximate 
it to the end of the short subclavian, to which marked traction was applied. During the 
construction of the anastomosis, we were bothered continually with slipping of the bulldog 
clamp on the subclavian and it was necessary to reapply it four times. Traction on the 
holding sutures attached to the clamp did not hold the arterj' steady enough and an 
assistant was forced to grasp it with a Kelly clamp. Unfortunately during at least a part 
of the procedure, this clamp became locked over the two jaws of the bulldog clamp. After 
the completion of the anastomosis, there was no leak in the suture line when the pulmonary 
constrictors were released, but when the bulldog clamp was removed, there was brisk 
hemorrhage from a longitudinal slit in the subclavian artery. This injury was obviously 
where the arterial wall had been fractured by the tightly applied bulldog clamp. The 
defect was repaired by suture, after which the operation was considered to be a success 
and the chest was closed. Her color was remarkably improved. During the evening, the 
blood pressure was obser\’'ed by means of a cuff applied to the lower extremity, since by 
this time both subclavians had been ligated. This pressure rose from 220 mm. to 260 mm. 
of mercury. Still nothing happened until she vomited. She then became pulseless and 
expired. Autopsy showed a new longitudinal rupture in the subclavian artery, obviously 
the companion injury to the one which had been repaired at the operation. Assuming that 
the postoperative hypertension and vomiting were inevitable, the fatal outcome probably 
could have been prevented by buttressing the injured artery with Gelfoam by the method 
of Jenkins.-* There might have been less tension if the distal end of the divided pul¬ 
monary artery had been used for the anastomosis. 

Case 4.—M. T. was a 13-year-old girl with a left arch. On April 26, 1948, she was 
operated on from the right side. The subclavian artery was very short and we anticipated 
some of the kind of trouble which had been encountered five days before in patient A. S. 
No branch of the artery was visible and after rather marked traction was put on it to 
obtain length, a single simple ligature was tied as far distally as possible. With the pur¬ 
pose of saving all available length, the vessel was transected rather close to the ligature. 
The ligature came away in the operator’s hand. There was a brisk flow of blood from the 
apex of the chest which was controlled by gauze packing. Before blood replacement was 
complete, there was a period of hypotension (60 mm. mercury systolic) during which time 
the packing was removed without recurrence of bleeding. Attempts were made to pick up 
the end of the vessel with a clamp, and one or two sutures were placed bbndly in the gen¬ 
eral area, but it was presumed that the vessel was still insecurely ligated. It was decided 
that a reasonable procedure would be to pack the neck from below with Gelfoam, close the 
pleura tightly by suture and proceed with the anastomosis. It was believed that normal 
blood pressure would be achieved before the chest was closed and thus the hemostasis 
would receive a physiologic test. A moderately satisfactory anastomosis was formed be¬ 
tween the end of the subclavian artery and what was thought to be the main pulmonary 
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artcrj'. The blood proffluro by thift time was 100/00 ond tliero wns no eign of liemorrhngc 
from the npex of tho chc*t, therefore, tlic lung avah expanded nnd the incisiou closed. 
Soreml hours after the opemtion, Dr, Ziegler beenme alartne<l becnupc he could feel a pulse 
in the right wrist. Ills fears were well founded, because n short time later tlio patient 
expired suddenly nnd autopsy showed n nmssivo right hemothorax. Tho subclavian vessel 
had been cot flush with tho common level of origin of the vertebral artorj' nnd thyro- 
cer\’icnl trank. A soft thrombus had been blown out by the increnso in blood pressure. 
Tho examination also revealed tlmt there was early branching of the pulmonarj* nrterj' 
aad only tho superior branch had been exposed and utilized for the dcflclont annstomoais. 
In retrospect, the fatal outcome could have been avoided by using a transfixion ligature 
on the distal end of the cut imbclavinn even tliough it meant losing n few millimotorfl of 
length, or, after the slipping of the ligature, Iho open vessel should have been adequately 
exposed and ligated after splitting the sternum from the second interspace upward. 

dvsE 5.—Following those two fatalities, the next patient to bo operated on was a 
girl of 13 years, 8. T., with a loft arch. The right approach was used again. A large 
vertebral artery came off the subclavian early, and the continuing artery was not of good 
caliber. An attempt was made to use tho divided proximal end of tho upper pulmonary 
branch, bnt the nnastoraosls appeared to be cariynng n grossly inadequate quantity of blood 
and it was excised. Tho suturing for an end-to-sblc nonstoraosis was completed twice, nslng the 
part of the artery distal to the vertebral branching, but it was obrious that nn insnfllcicnt 
shunt had Ikjou created. After extreme mobilixatioo of the carotid nnd pulmonary arteries, 
we were able to make a largo end-to-side nnaslomoais after sacrificing all of tlic subclavian 
artery distal to vertebral. It is a tribute to the anesthetist that his patient recovered 
coascloasnesa following a long period of anesthesia, and made an uneventful recovery, 
being completely relieved of her previous Incapacity. 

It is undorstnndnblo that uCtci- tlic cxpcvicnocs jiist related, we .were ox- 
Iremcly interested to Lear tlic presentation of Ilolmmi" at the Qncixic meeting of 
the American Association for Tliorncic Surgerj- in June, 1948, in whicli lie 
stated that the loft suhclnviun arterj- had heen dclihomtcly chosen in preference 
to the right in twcutjMlirco eases. In liis discussion of tliis paper, Blalock said 
that he, too, would cliooso tlic left sulmlnvian artery if the subject were over 12 
years of ago or over 5 feet in liciglit. All of the five cases mentioned above come 
in tliat categorj". Ilowcvcr, our cxpcricucc uith tho riglit subclavian arterj' in 
tile borderline group of cases Imd been so distres-sing tlmt we decided to follow 
tho suggestion of Holman, and use tlic loft suhclavinn in all cases in wliiclt tho 
Blalock procedure was planned, regardless of the age of the patient. In this 
connection, it -will he remembered tlmt there 1ms been nnnnunons agreement that 
if there is a riglit aortic arch, the loft approach will ho used with satisfaction 
hecause one has tho advantage of a fairly long snhclavian artery with its favor¬ 
able angle with tlio innominate ns well as tho longer nnd more mobile pulmonary 
artery. 

Thus far, mention has been made of only one of Iho factors which contrib¬ 
utes to the difficulties of a right suliclaiinu-pulmonarj' anastomosis, namely, the 
shortness of tlmt aul)cla\inn artery'. There are other anatomic peculiarities which 
'"ake the right-sided operation hard. Fig. 3 shows what is seen in tlte average 

after beginning the dissection of the pulmonary artery. Only tlie superior 
itrancli of tlio artery is visible. After division of the niygos vein and retraction 
of the vena cava, the main trunk becomes evident, but too often the inferior 
h^nch comes off quite proximally, with the result that there is little length of 
“6 main .trunk available for an end-to-sido anastomosis, and tho inferior branch 
tends to prevent the artery from being dislocated upward, a maneuver which is 
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essential. Even after the vena cava has been mobilized and retracted anteriorly 
and medially, the systemic vessel to be used is not visible, except occasionally in 
the extreme apex of the chest. It seems to lie in a separate fascial compartment 
in the mediastinum and is reached only by sharp dissection through tissues which 



Kig”. 3.—Structures seen at the beginning of tlie tlissectlon to expose tJie right pulmonao 
arter>\ Tlie main trunk of the arterj' and the inferior branch lying behind the vena cava 
right auricle are Indicated by dotted lines. The azj’gos vein must be cut and extensive aisseo 
tlon carried out behind the vena cava to expose the subclavian arter 3 % 

may bleed in a troublesome w'ay. A small branch tom off inadvertently is fol¬ 
lowed by brisk hemorrhage Avhich tends to convert the operative area into a large 
mediastinal hematoma. The recurrent neiwe prevents free mobilization of the 
vessel before the latter has been ligated and di\dded. 

In contradistinction, on the left side (if the arch is on the left), hi almost 
ever}' case one sees the two structures w'hich are to be joined as soon as the rib 
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jprcndcra nro n])])li(Hl nnd the upper lolic of the lunp is retrnctod downward and 
laterally (Fig. 4). The puhnouatn- arlerj- nnd suhclavian artery' lie just henenth 
the pleura. ^Vhcn the pleura is eut, it retracts hceausc of its ouTi elasticity, and 
leaves an assistant’s hand free whieh would he utilized in retracting the vena 
envn it the incision had been on the right. The recurrent nerve passes hack of 
the aorta itself and neither it nor the vagus arc close enough to the .sulielnvian 



a OpcTatlvQ nela niter proUmiTmo* Oinnnellon on tlin Intt nlfle. Thn structuren to to 
JolneO are evident with Ilttlo or no disaeetion. 


®rter)' to he in danger when that vessel is mobilized. A relatively long segment 
o' the main trunk of the pulmonarj' nrterj- is available for the anastomosis. 

Iter mobilization, it can bo brought quite high in the chest to meet tlie sj'stemic 
ressel (Pig. 5 ). jf (.jju opening in the pulmonary artoiy is placed far laterally 
on the vessel, the subclavian artery is not caused to bend so acutely over th' 
norta, and the length of the pulmonary proximal to the anastomosis is increased 
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The one and only disadvantage to the left approach is the fact that a vessel 
which previously passed upward now passes almost directly downard, so that 
there is a tendency to khiking at the point of origin and through most or aU of 
its new course it is in contact medially with a relatively unyielding structm'e, 
the convexity of the aortic arch. If the danger of compromising the free flow of 
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Fig. 5.—End-to-side anastomosis between the left subclavian artery 
arteiT Is complete, Inset; favorable angle of subclavian artery with innominate ir mere 
right aretb 
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blood throiigli the slmnt is considoinhlc, this one disadvnntngo outwciglis nil o£ 
the advantages. There is some evidence that the danger is more thcoretienl than 
real. Ilolninn used the left snhclavinn twenty-three times. In nineteen o£ these, 
ho was satisfied with the blood flow following the niinstomosi.s, and in tlic other 
fonr the pnlmonnrj' artery was divided proximal to the anastomosis to relieve 
the angulation, thin? produeing nhnt was in effeet an end-to-end annstomosi.s. 
iVll o£ these patients were mnrketlly imiirovefl. Ynreo and his nssocintes® utilized 
this vessel in nineteen operations and had eighten good rc.sult.s. Since we decided 
to use the lo£t .snliclnvinn artery, fonrioen o£ eighteen patients have had lo£t 
arches. The operations were technienlly ea.sy and all of the anastomoses func¬ 
tioned well immediately. At no time were we tempted to divide the pulmonarv’ 
artciy proximally. Unfortunately for the reeonl, one patient who had a par¬ 
ticularly large nnnstomo.sis with a good thrill, dramntie improvement in color, 
and a pleasing eliango in arterial saturation ns recorded hy the photoelectric 
oijhcmogrnph (Pig. 6), appealed to lose his shiinl two days after operation. 
The loud ductus munnur disnpiienrcd. It is iiossihle that a hematoma formed 
under the pleura which wn.s siitiired over the snhclavinn ns if pn.s.sed over the 
aorta. As a result of this experience, the pleura in this area will lie left open 
m the future. I’rolmhly, the right suheinvinn will he utilized in a second 
operation, 

CONTINUOUS BLOOD OXYGEN SATURATION 
BLALOCK OPERATION 



minute* of record of photoelectric oxi-hoinofrmph ehowlnff Imniodlato 
0. ^ left ffubclfivlfui-pulmonftry nnaatomo*!*. (Rocord obtained by Dr. Vivien 

The ihunt apparently cloicd t^ro days Inter. 


Tho only other patient in the series who failed to maintain his improved 
fills an apparently successful operation was a man of 24 years who 

sg of cerebral embolism on the twelfth postoperative day. The nrcli was on 
the right. 

g Tho Potts procedure was planned for fifteen patients ranging in ago from 
raontlis to 3 years. Seven babies wera under 1 year of age and six of tho others 
■ tmder 2. The operation was technically successful in nine of ten patients 
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%vith left arches and in two patients with complete dextrocardia. The right ap¬ 
proach was used with complete satisfaction in the latter. However, difRculties 
were encountered when this approach was used in three patients with right 
arches and left hearts. In two, the Potts operation had to be abandoned because 
the aorta and puLmonaiw arterj' could not be approximated and unsatisfactorj^ 
subclartan-pulmonary anastomoses were substituted. In the third, a poor aortic- 
puhnonar^' shunt was made with great effort, but the child expired. This was 
not the experience of Potts liimself, who in 1947’ reported that in twenty-nine 
patients, there were four with right arches and in each case he had been able to 



wig. V.—Autopsj" specimen showing artificial ductus arteriosus (4 mm. in diameter) 
by the Potts technique five months before. The ends of the transversely divided pulmonao 
artery arc indicated by arrows, the lower of which points to the stenotic pulmonary rane. 


mobilize the puhnonaiw arteiy enough to bring the operation to a successful con¬ 
clusion. The age of these four patients was not stated. In the age group of 3 
to 7 years, no doubt the operation is quite feasible but it has been our policy to 
plan Blalock operations for this group. The ages of the three patients on whom 
we failed were 5 months, 7 mouths, and 10 months. It was our feeling that a 
Blalock operation ou the light would have had an equal or better chance of suc¬ 
cess. The youngest of these children survived the technical failure and naay 
live to have another operation on the left side. Our present position is that if a 
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child with a riglit nrcli and n loft heart needs a slmnt operation, we wiil plan a 
Blalock operation or notiiing. Tliis rule was applied to a morilnind infant of 
four months with a right areh, on whom it was thought by the iicdiatric col¬ 
leagues that operation might have .some alight elianeo of sueecss. Since he was 
too small for a Blalock olicration and the right arch ruled out the Pott.s pro¬ 
cedure for us, he was not acec|)ted for any type of surgical proecdiiro and 
expired a few days later. In this eonneetion, it should he ramembered that 
Blalock’ suggests that if a child under 2 veal's has a .bO per cent chance of siir- 
riving, the operation should be postponed until that age is I'cnehcd. 

It Is worth emphasizing again (hat if a Hlaloek operation has been planned 
and a miituble .sj'stcmie vcs.sel is not available, one has but to ask for the appro¬ 
priate size of Pott.s-Smith clamp and proceed with a direct aortie-pulmonai'j’ 
anastonia.sls. Bcecntly, a 4-ycnr-old girl had a poor systemic vcwscl lieeause the 
vertebral arterj- came off close to the aorta. An excellent aortie-pulmonni'V’ shunt 
was sulwtituted for what would have been an inadequate operation. 


There have been two late deaths in children who were improved in the im¬ 
mediate po3to))erntivc period following the Potts operation. A child operated 
on at the age of G months ns a lifesaving measute livisl G months and expired in 
cardiac failure. Autopsy showed a smooth, round nrliGeial ductus arteriosus 
measuring 4 mm. in diameter (Fig. 7). The pulmonary stcuo.sis was puroly 
valvular. There was no ventricular septal defect, but a large intoraurieular 
opening. Children with this t.vpe of anomaly do imorly after any typo of shunt 
operation, ns compared with tbo.se with the more common tetralogy of Fallot. 
Valvulotomy would lie the procedure of eboiee. Another child operated on at 
tl'o age of one year was much improved until she died suddenly of an neutc sj’s- 
temic infection thought to bo mouingoeoceemia. The autopsy showed no evidence 
of infection about the heart, and the smooth nrliGeial ductus measured 2 by 3 mm. 

Finally, a word sbould be .said about the anterior versus the posterior ap¬ 
proach for both operations. We have used the posterolateral approach through 
the fourth interaqiacc without rib transection for children for whom the Potts 
procedure was planned. With one exeejition, we have omiiloycd the anterior 


approach through the second intorspaec for the Blalock operation, cutting tho 
accond costal cartilage. The exception dc.sen'cs special mention. A wide postero¬ 
lateral incbiion was made for a left subelavian-pulmonarj’ anastomosis in a men¬ 
ially defective child of G years. The internal mammary, vertebral, thyrocervical 
trunk and the continuing subclavian artci-y were ligated separately. Gangrene 
of tho arm resulted and tho cliild exjiired. Apparently if the subclavian artery 
*a to ho ligated, in tho alxive manner, it is unwise to cut the muscles of the 
ouldcr girdle and their coUatoral ai'tcrics in order to make a posterolateral in- 
araon. lu order to choose frooly lietween the Blalock or Potts procedures after 
a chest is opened, one should enter the chest anteriorly. 


SUMMARY 

,, operations for pulmonary stenosis or atresia have been carried out at 

I^ord Hospital following diagnostic procedures by Dr. Robert Ziegler 
r. Slnson Sones. There were tliirty-onc Blalock operations, and Gfteen 
operations; four times no sliunt was completed. Anatomic factors which 
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make tlie surgical procedures difficult or easj'- and wliich influence the end results 
have been discussed. Technical difficulties during each operation ^yhen the right 
approach was used have caused us to adopt the foUo'wing sunple rule for choos¬ 
ing the side for operative approach; the incision is made on the side of the apes 
of the heart, regardless of the position of the aortic arch or the age of the patient. 
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DISCUSSION ON “a METHOD FOR EXPOSURE OP THE CARDIAC SEPTA” BY DR. F. D. 

DODRILL,® AND “thE CHOICE OP THE SITE FOR APPROACH IN OPERATIONS 
FOR PULMONARY STENOSIS” BY DR. CONRAD R. LAM 

DR. JOHN C. JONES, Los Angeles.—would like to emphasize one point, and that 
is that if, in the case of a small infant, there is doubt about on which side the aorta de¬ 
scends, the approach is best made on the left side. I cite one case to emphasize the fact 
' that the surgeon should not be entirely baffled if lie does find that he is on the side on 
which the aorta is not present even if before the operation he had intended to carry out 
the Pott’s operation. We operated on an infant about three months ago who was 8 weeks 
old at the time. The child had become cyanotic suddenly at the age of 6 weeks and was 
brought to the hospital about ten days later, was in oxj-gen continuously and, of course, 
was deteriorating rapidly and the clinical study was quite inadequate. In fact we were 
not certain whether the aorta descended on the right or on the left; the clinical diagnosis 
was the tetralogy of Fallot. We approached the operation from the left and found the 
aorta was on the right side. It would have been fatal, of course, to have allowed the child 
to continue in this way, because without an anastomosis it was unlikely that she would have, 
survived. It was an emergency and the child was in poor condition. By dissecting the 
carotid and the subclavian arteries, carrying the carotid dissection well up into the neck, 
we were able to bring the subclavian artery down on the left side and anastomose it to 
the pulmonary artery. Even though it appeared to be a small subclavian artery, anas¬ 
tomosis was technically feasible; there was an excellent thrill in the pulmonary artery and 
the child made an uneventful convalescence and went home ten days after operation m 
excellent condition. 

It is three months since operation and while it may be that she will return later on 
and may need another shunting operation, the point is, I think, that if one is in doubt 
whether the aorta lies on the left or on the right, one should go in on the left even if the 
aorta is on the right, rather than chance having a bad angle on the right side with the 
Potts operation, and to proceed with the Blalock operation by a good dissection going we 
up into the neck and using the subclavian artery to anastomose to the pulmonary arter). 
This case convinced me that the Blalock operation is feasible in tiny infants. 


*See page 652 for article by Dodrlll. 
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DR. W. J. POTTS, Chlcnpo.—hnvo como to Boraewhat similar conclusionB for 
lUghll.r difTerent reasons. I wish to discuss briefly our procedure with right archoB in casos 
of pulmonary Btenoflis. (Slide.s,) 

In the first twenty-two patients we dUl nortic pulmonniy anastomoses on tbo right, 
in patlentB from 4 months to 17 years of age. In that group wo have had two deaths, one 
from anoxia and another from prompt and complete closure of the anastomosis. "'iVo have 
done subclavian pulmonarj* annstoniosis more recently on eleven patients with right arches 
with no deaths and satlsfactorj’ results. Wo have made five explorations witli two deaths; 
none of these patients hnd n pulmonnrv' artery. Tlicrc wore no ]>aticnt8 in this group In 
whom we failed to make nn anastomosis if there was a pulmonary* artery. Ono two-year- 
old child bad closure of the anastomotic channel. A satisfactory subclavian pnlmonnry 
anaitomoBis was later done. A total of ^7 of IT."* patients opernted npon for pulmonary 
ptenoals had right aortic arches (21 per cent). 

There have been a few interesting variations from the usual procedure. In this case 
cloture of the pulmonary’ artery in preparation for anastonm^is on tlie right side led to 
prompt signs of impending death. The pulse dropped and tlio bh>od pressure fell. A branch 
to the upper lobe of the lung wns tied ofT distnlly and tlic proximal end was nnoBtomosod 
to the side of the aorta. The boy made a satisfactory recov<‘ry. There have been no algus 
of change la the lung. Tliis case was previously reported by Dr. Siilney Smith. 

A iimllar situation presented itself In a second patient with a right arch. Closure 
of the paJmonary artorj* in this ease also led to a severe d^ 1 p in blood pressure. Wo used 
a uew t>'po of clamp which occluded a tangential portion of tin; pulmonar}' artor>' and left 
enough room to do the anastomosis wdiile a fair anumnt of blood went to tho loft lung. 
•Ai you lee, we did nn over-and-over suture. We did not do on intima-to-intimo nuas- 
lotnotiB, Recovery was satisfactory, 

This Is our present policy: If the arch curv'es to ilte right wo do a eubclaWan pul* 
ttonar}’ anastomosis. If the patient Is an infant in whom presumably the aubcla%'ian 
will he too nnnll, the right side is ontorvd and an aortic pulmonary* anastomosis done. In 
ftll patients with a left aortic arch wc rontinoly do an aortic pulmonary anastomosis. 


DR. SAXFORD E. LEKDfl, flan Francisco.—Kince Dr. r.jim mentioned tho use of the 
branch of the right pulmonary arterj' to the right upper lol>e, I would Uko to elaborate on 
that point. Wo have employed the right-sided approach in younger patients who have 
» left aortic arch. (Slides.) 

We have had difficulty in some of our cases duo to a short right subclavian, short 
pnlraonarj’ artery, or high takc-ofT of the right subclavian from tho Innominate artery. 

It wm thought that it might be possible, where there are short vessele, to use the 
fcrnach of the pulmonary nrtery to the right upper lobe, doing an end-to-end nnaatomosis 
between the proximal end of (he branch and tho right sulicJavian artery. 


Thli procedure was first tested in dogs by anastomosing the left subclavian artery to 
tho proximal divided end of the left pulmonary artery. The exporimeuts showed that tho 
ontlre left lung could sur>*lve with the pulmonarj* artery divided and also the heart showed 
DO enlargement or other abnormality from tho shunt after observation for aeveml months. 

The procedure has now been used with excellent results in four cases of tetralogy of 
‘ lot. It seems advantageous to sacrifice tho pulmonarj* circulation to a portion of tho 
ong In selected cases rather than to use tlic innominate or carotid artery and run a greatly 
DCteased risk of cerebral complications, 

•An additional purpose for this procedure is when there is an absence of tho left 
po monary artery or if there has been a throraboala of the left pulmonary arteiy- from a 
it* ^Porntion. In these cases the branch of the right upper lobe may be occluded at 
the right pulmonary artery by means of a bulldog clamp and the anas- 


D^y thea bo carried ont without occluding the main right pulmonary artery. 


j DAil.—There was nothing said In the diecusslon with which I can disagree, but 

opportunity to have the lost word in this symposium, I hope that I ^rns 
Dr ®°uvey the idea that one of the advantages of the left approach is that one can use 
ti 8 Very clever operation In case one is unable to use the subclavian artery. 



PULMONAKY RESECTION FOR COCCIDIOIDOHITCOSIS 
REPORT OP A CASE 

Wilson Weisel, M.D., and George C. Owen, M.D., Wood, Wis. 

P ULjMONARY coccidioidomyeosis, with residual cavity or nodule formation, 
occurred frequently among militaiy pei'sounel stationed in endemic areas in 
the southwest during World War II.^’ * Relatively few reports of surgical 
resection for these lesions have appeared in the literature.^"* In many instances, 
nodular lesions were resected as tumors of undetermined origin.^ It is proposed 
here to report a case of cavitaiy coccidioidomycosis diagnosed prior to surgeiy 
and brought to resection because of prolonged hemoptysis and progrc^ion of 
the disease. 

case report 

A 26-year old, white man was admitted to this hospital Dee. 29, 1947. The patient’s . 
chief complaint on admission was pain in the right chest, weakness, increasing fatigue, and 
hemoptysis. The patient dated his illness to June, 1942, at which time he had first noted 
weakness and right chest pain. In August, 1943, after a year of service in Arizona, n roent¬ 
genogram of the chest was taken due to an episode of chills, fever, and right chest pain. 

A diagnosis was made of pneumonitis, probably due to coccidioidomycosis, and the patient 
was hospitalized. He remained in service liospitals, presumably because of persistent pul- ^ 
monarj- disease, until the time of his discharge from the army in Januarj’, 1945. Immediately 
after his discharge from the sermce, the patient entered the A’'eterans Administration Hospital 
at Dearborn, Mich., where he remained for two weeks until he was discharged. Chest s-ray 
picture at tlus time revealed a thin-walled cavity in the right upper lobe. He returned to his 
former occupation as a molder in a foundry for six months following liis discharge' from the 
hospital, but he was unable to carry on his duties in this capacity due to the recurrence of a 
severe cough with expectoration of a profuse amount of mucopurulent sputum. These smp- 
toms persisted for the next two years. In addition to the cough the patient had experienced 
recurring episodes of weakness and at times pain in the right anterior chest wall not definitely 
related to the respiratory movements. In July of 1946, the patient entered Sunshine Sani¬ 
tarium in Grand Rapids, Miclu, for two weeks. At this time examination of the sputum and 
gastric contents revealed no evidence of tubercle bacilli, and roentgenograms revealed that the 
cavity had increased in size. Clinical course was unchanged until nine days prior to admission 
to tliis hospital when the patient noted an increase in cough with expectoration of blood- 
streaked sputum, increasing weakness, and night sweats. Tlie patient’s expectoration of 
blood increased until the time of admission, at wliich time he was having moderatel}- severe 
hemoptysis daily. This continued during his stay in the hospital and up to the time of hip 
operation. 

A review of the family history revealed that tlie patient’s father had died at the age of 
52 of pulmonary- tuberculosis and one brother among sixteen children had also died of pul¬ 
monary tuberculosis. 

The patient’s occupational history was significant in that he had worked in a foundry 
ns a molder for two years prior to his service with the Armed Forces and had worked at this 
occupation for six montlis in 1945. 

From the Departments of Surgery and Medicine, Marquette University School of Medi¬ 
cine, and the Consulting Staff, Veterans Administration Hospital. 

Published with permission of the Chief Medical Director, Department of Medicine an 
Surgery, Veterans Administration, who assumes no responslbllltj- for the opinions expressea 
conclusions drau-n by Oie authors, 

, Received for publication May 21, 1948. 
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riij^lcal cxfiminntion on ndmi^slnn rovetilctl u woU*devolopc<l, niodcrntcly well-nouriflliod, 
white man who dlJ not appear ncntcly ill. The mucouii mcnibrnnes of tho nose and phnrrnx 
were injected and edenintouf. The renmindor of tho’hend and neck examination was negntirc. 
Examination o£ the chest rcvoaleil deercawod tactile fremitus in tlic right scapular area. The 
pertnssion note was resonant throughout. The breath sounds over the right base were broncho- 
volculnr in clinmctcr and fine posttussivo mlcv were heard over the right posterior chest. 
The blood pressure wns 328 sptoHc o\Tr 70 diastoHr and the pulse was 88 Injats per minute. 
The heart was normal in sir.e and position and no niurumrs wore heard. Tho alnlomen wns 
negatiro to palpation nnd auscultation, A yellowish white mucous discharge from tho penis 
wai noted. Tho remainder of tlie physical examioution wns essentially negative. 

A roentgenogram taken at tijin Institution on .Tun. 2, ll)-48, revcnlctl n large, irregular 
ring lesion in tho right upper lung field, ^ ' em., which mLs contpatible witli a tliln-wnlled 
ravity (Fig. 3). No other jtathnlogic clinnges were notiHl. 8inus roonlgenograms taken on 
January 1.1 rn’enltvl no involvement of the pnranaenl hinuses. Hronehogrnnis performed on 
Feb. 3, in4S siiowe<l fl>c prtndously dcscrlbeil rnvily in the rigltt ui»per Inlje of the lung witii 
surroondlng flhrotic clmnges. No lipiodol wns seen in the runly nnil no bronridortasis or 
other abnormality eoold In? deninnstrntoil. 



Clinical examination on admission revenleil u white blocnl ctmnt of 30,000; liemoglobin 
12 Gra. per 100 c.c. of blood; tho urino was completely negative. Berologic tests for 
'^hlliB were negative. A coccldioidin skin test 1:100 wns positive. A second strength puri- 
^ protein derivative was positive. The blood count on danunry 5 showed white MockI cells 
to 10,800 and hemoglobin was 13.5 Om, per 100 c.c.; the sedimentation rate wns 15 mm. in 
ooft hour. Tliree gastric ospirations, twelve eoncentmted sputum smears, nnd ten spntum 
®®ltare8 for acid-fast bacilli wore ncgullvo. The gmm stnin of tlie uretlirol discharge rc- 
'^Pd gram-negative intracellular dIpIococcL The patient had repeated examinations of the 
^tum by smear nnd culture for coccidioidos immitla. These were all negative up to the 
^ of January when sputum cultures were found to bo positive. His clinical tests on January 
showed white blood cells to number 11^0 and the hemoglobin was 15 Qm. per 100 c,c. 
® blood. The prothrombin timo on Jnn. 20, 1948, wns twelve seconds or 100 per cent, and 
® bleeding time wua one minute, nnd tho coagulation tlmo was throe minutes. 

The patient was treated with intramaaculnr penicillin following his odraisalon for a 
I^iod of three days with no cllnicsl change in liU condition. He continued to cough and ex- 
P^lorute large quantities of sputum and blood; the quantity* varied from onerhnlf pint to 
approximately one pint dally. The temperature was usually normal with occasional periods 
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in which it would suddenly rise to 102° P. and return to normal within twenty-four to forty- 
eight hours. 

On Jan. 17, 1948, a bronchoscopic examination was performed which revealed a marked 
purulent discharge from the right upper lobe bronchus, but no other abnormality of the 
endobronchial tree was noted. 

The steady increase in size of the cavity over the three-year period of x-ray observation, 
the disabling character of the sjTnptoms of weakness, cough, and copious purulent sputum, 
and the persistent hemoptysis led to the decision to resect the diseased right upper lobe. 

On Feb. 10, 1948 a right tlioracotomy was performed following preliminary bronchoscopy. 
At the time of preliminary bronchoscopy, a pack was placed in the right upper lobe bronchus 
but due to a rather marked vagovagal reflex and bronchospasm, the pack was removed and 
tlie patient was then intubated and he was operated on in the face-down, Trendelenburg 
position under oxygen pentothal curare anesthesia. A primary incision was made in a curved 
manner in the right paravertebral space swinging do'svn below the inferior angle of the right 
scapula. The scapula was retracted and a posterolateral portion of the fourth right rib was 
removed subperiosteally. The pleural cavity was entered. There were dense adhesions be¬ 
tween the upper lobe and the parietal pleura. In tliese areas, to avoid soUing of the plenra, 
careful dissection in the endothoracic fascial plane was carried out, leaving the parietal pleura 
attached to the lung, and the entire right lung was freed from the chest wall. The cavity in 
the upper lobe was easily felt on palpating the lung and in addition small hard nodules could 
be felt scattered throughout the upper lobe; this nodulation was also felt in the apex of the 
lower lobe. The visceral pleura appeared to be tliickened and moderately opaque over the 
entire right lung. 

The bronchus was then isolated in the posterior portion of the hilnm. Tliere were 
numerous glands in the mediastinum and these were removed along with the lung tissue. 
The bronchus was then clamped and cut through proximal to the clamp. The bronchus was 
closed wnth a single row of interrupted black silk sutures. The pulmonary artery to the upper 
lobe was then isolated, ligated, and divided. The superior pulmonary vein was isolated, 
ligated, and sectioned. There were no distinct Assures between the right upper lobe and the 
lower lobe nor between the right upper and the middle lobe except at the periphery of the 
lobes. Therefore, these Assures were developed with excision of portions of the lower and 
middle lobes to avoid spUlage from the upper lobe. The Assures tlius created were partially 
closed with interrupted white cotton sutures which were placed superflcially to gain hemostasis 
and to close any obvious bronchial leaks on the lung surface. The bronchial stump was 
covered with a mediastinal pleural flap and the entire hUum of the lung at the resected level 
of the upper lobe was closed by a covering of the mediastinal pleura. The remaining right 
lung was re-expanded under positive pressure and the chest cavity was closed with moderate 
suction on the intrapleural space during closure. A drainage tube was placed in the posterior 
axillarj' line in the sixth interspace and was attached to a subaqueous drainage bottle. The 
chest wound was closed in layers using interrupted cotton sutures for the chest wall and black 
silk sutures for the skin. Penicillin 200,000 units in 5 c.e. of saline were left in the pleural 
space. The patient’s postoperative condition was satisfactory. 

PATHOLOGIC SPECIMEN 

Gross Description .—The specimen consisted of a right upper lobe of the lung. The 
pleura was dull and covered with flbrinous shreds. In the upper one-third, there was a bulge 
to the surface. On section into this area, a cavity was found, which after flxation, measured 
3.5 X 2.0 cm. (Pig. 2). The wall of the cavity consisted of a layer of white, Abrous tissue, 
averaging 5 mm. in thickness. The inner surface was granular and somewhat velvety appearmg 
and was grayish brown in color. Within the cavity and coating the wall, there were many 
crumbly, yellow patches resembling sulphur particles. Smears and cultures were made of these 
particles and from the wall of the cavity. The surrounding lung tissue appeared to be 
moderately indurated. There were many small nodules, each measuring approximately 3 to 
5 mm., which surrounded the cavity particularly at the lower portion. The entire lung ha 
a slightly increased consistency, this being more marked in the vicinity of the cavity. 
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ilicTOscopio Dftcription .—TIio cnvity wn« lined by a tliln ltt\-cr of necrotic cells and 
poljTnorphonuclenr leucocytes. Tboro wero areas, howe\*cr, in wliicb no lining was apparent. 
Both iritliin tlio cavity wnll and deep in (ho tissue there were foci of epithelioid cells. Some 
of tUcso cells were also multinaclcatcd giant cells resembling Langhans' giant cells. There 
was eotulderablo destruction of lung tissue and replRcoment by fibrous tiiisuc and foci of 
Irmph follicles. Tho bronchi were often filled with pohmorphonncloar cclla. In none of the 
sections aainlned were sphcrulca found. 

Direct smears of tho grannies lining the cavity revealed mycelia and hyphne consLstent 
wKh thwo obtained from cnlturcs of CocddioiJfS immitis. 

Colturcs of this material yielded chanu‘terit.tic colonies of CoccidioiJes iminiti/f. Tlicse 
were .inspected and confirmed by Dr, C. \V. Kiunmn*, Xutional Institute of Health, and Dr. 
N. F. Conant of Duke University. 


2.—^Qroei •poclnxm denionstrutlnc cavity In cut sectloD of right upper lobe. 



Inoculation of culture material into guinea pigs resulted in a granulomatous lesion con¬ 
taining typical ipheniles of Coocidioide* immitis. 

The patient’s postoperativo counw was unoventful and lie was ambnlatory on the day 
0 inrgery. On, the second postoperative day tho lemperatnro roso to 100* F. and rotumed 
■’fhero it stayed during hla convalescence. There was a drainage of opproxinmtdy 
cx, of serosonguineous, clear fluid from tl»e chest la the first two postoperativo days, 
stopped draining and fluctuating despite irrigation. Tho drainage 
wm removed on tlie third postoperative day and no further osplrationB were required. 
' The clinical examinations during tho postopomtive period were not significant except 
Or X foil Bcrnm protein. On Feb. 11, 1948, the first postoperative day, tho serum pro- 

^ Was normal nt 0.4 Gm. jier 100 c.c., consisting of 3,C Qm. of albumin and S.8 Gm. of 
The scrum protein fell on Fob. 14, 1048, to 5-8 Qm. per 100 c.c, (3.8 Gm. of al- 
and 2.0 Qm, of globulin), and romtuned nt this level for tlio next three week* when it 
■ Cmdmdly returned to normal. 

fhe patlat was well enough to return to his home on the ninth postoperative day. Ho 
to tho hospital for postoperative re-ovnluation on the first of March, 1048. He has 
^0 complaint* referable to the chest and no further expectoration of sputum or blood, 
postoperative roentgenograms of tho chest showed an immediate ■atisfoctory 
^tion of the residual portion of tho rigiit lung. On Feb. 11, 1948, the x-ray picture re- 
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vealed satisfactory aeration of the residual lobes of the right lung with an estimated 20 per 
cent pneumothorax remaining in the upper portion of the chest. The remaining lung was 
very slow to till the upper portion of the chest and at the time of his discharge from the 
hospital, this was not completely filled. However, there was no evidence of fluid nor of any 
increased reaction in the pleural space. The last roentgenogram of the chest taken on March 
10, 1948, revealed the changes in the right chest incidental to the right upper lobectomy with 
partial resection of the fourth right rib. The residual right lung had expanded to a level 
with tlie second right rib posteriorly rvith a space between the lung and the upper chest wall. 
There was also some residual lipiodol in both lower lung fields. Otherwise the chest examina¬ 
tion was negative. 

A postoperative coccidioidin skin test was negative in twenty-four and forty-eight hours. 
Three gastric cultures for acid-fast bacilli, which were taken following the patient’s operation, 
W'ere also reported as negative. The other clinical studies on this patient, including the blood 
and the urine w’ere all within normal limits. The patient was, accordingly, discharged from 
the hospital to return to his home on March 15, 1948. 

COMMENT 

Of interest in this patient was the persistence and progression of the cavity 
five years after the onset of the disease. In addition, the apparent presence of 
cultures of the fungus grotviug on the waU of the cavit}’, ivith mycelia and 
liyphae present, is most unusual. In the commonly present spheinile form, the 
disease is said to he noneontagious. However, the finding of m3’'C6lial foms in 
this patient, as in the one preceding ease in which this finding was recorded,® 
raises the question of tlie infectiousness of the disease in patients with long stand¬ 
ing, progressive cavities due to eoecidioidornymosis, and further ju-stifies surgical 
extirpation of the disease. 
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CAUCINOMA OK THE LUNG 

A Folix)\\'-Ui’ on Si.\ty-Sk\t2n Patients Suiijkctct to Pneuiionectoiiy 

W. Emohy BuBNinr, JI.l)., George P. Uosemond, Jl.I)., and 
John II. 1Iai,l, M.D. 

Pnii„\nEi.piiL\, Pa. 

S INCE 193G, wo liave scon, in n.KSooiatiou witli llio Jiickson Clinic, 429 pa¬ 
tients who have been inovccl to have carcinoma of tlic lung. We have pm- 
po.5cly limited this atudy to tho.so casc.s pi-eccding November, 1947, so that a 
six montlw’ follow-np could be obtained on even the la.st ease analyzed. Pa¬ 
tients who have Ixmn seen since that time have not been inclnded. 

Of this group of 429 ca.sos, 149, or 34.7 jier cent, were considered a,s possibly 
operable. Of the 149 patients explored, G7, or lo.C per cent, of the total wcie 
subjected to pncumoneetoniy, which was routinely jK-rfonned if there was any 
hope of cure. The penernl condition or the age of the imticnt influenced us 
only slightly in ehoosing these patients for operation. Thcrefoi'c, in certam 
eases, marked risks were taken in an efi'ort to salvage a [wssiblc eure. 

It is not the purpose of this pajier to consider diagnosis or details of opera¬ 
bility, but it seems important at least to stale that .scveml patients operated 
upon did not show x-ra.v findings suggesting tumor, but the diagnoses were 
made by otlior methods, especially bronchoscopy, ami cxiiloration was considered 
worth while if there wn.s no definite evidence of widcspiead mcta.stnsis. In this 
report we arc concerning ourselves chiefi.v with the G7 pneumonectomized pu- 
dents, since wo believe that the most important consideration is the final salvage. 

Wo have been impressed b.v the difficulty of making a gross diagnosis at 
the operating table and have atlemiilcd to make a imsitivc diagnosis pieceding 
eperation whenever po.ssible. Eiagnostic measures have included bronchoscopy, 
needle biopsy, and, recently, c.rUologie study of bronchial secretions. Over 90 
per cent of our patients have l>een taken to the operating room with a positive 
diagnosis. Wo do not believe much time .should be wasted in making this diag¬ 
nosis, and we rarely study a patient more than two weeks bcfoie surgerj'. 

■Of the 67 patients submitted to pneumonectomy, certain interesting sta¬ 
tistical data have lieen gathered. The oldest patient in this group was 6G ycai's 
“t ago and the youngest 36; the average age was .'ll years. We have seen pa¬ 
tients much, older and much .vounger than thc.se, but none in our group has 
- been operable. One 27-yenr-oid patient was treated by lolicctomy a couple of 
.vears before we performed our first ])ncumonoetomy in 1938. He rapidly de¬ 
veloped a local recurrence, which we susiiect wo.s present in the Ijunph nodes at 
the time of the original lobectomy. We have generally avoided lolicctomy as 
a treatment for carcinoma of the lung, although the relatively low mortality 
hgurcs of lohoctomy are certainly intriguing and have not been matched by any 
**rie3 of pneumonectomies. 

. the 67 pneumonectomized patients, 18 or 27 per cent, died in the hos- 
P‘tnl Nine died of cardiac complications; the average time was 5.5 days after 
2!^ion. Two died on the operating table. One died of a pi-oved pulmonary 

^m-Ttmplo Unlvorsltp Hospital, PliltaUclphlii. ra. 
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embolus within twenty-four houre of operation. One died of what was suspected 
of being a procaine reaction three days after operation. 

Five died of infection. Since 1942, however, when we first started using 
penicillin, we have lost only one patient from infection, and almo.st invariably 
our mortality is due to cardiac complications. Of the remaining 49 patients, 
27, or 40.2 per cent of the 67, have died since leaving the hospital. Twenty-two 
died of metastasis or from extension of the primaiy lesion in an average time 
of 11.4 montlis. Thvo liave died of subsequent carcinoma elsewhere wliich ap- 
parentlj^ had no relation to the pulmonaiy groAvth. One died of carcinoma of 
the stomach five months after the pneumonectomj"; the second died of adrenal 
carcinoma twenty-four montlis after pneumonectomy. In both of these cases 
we must at least suspect that the tumor of the lung was secondary to the other 
tumors from which the patients died, but we have no definite proof of this and in 
each instance the tyqie of tumor was different. Tliree died of other causes: 
one of coi’onaiy thrombosis ninety-five months after operation; one of diabetic 
coma twelve months after pneumonectomy; and one of undetermined cause 
forty-one months after pneumonectomy. 

The next gi’oup we consider to be the most important. StiU living are 
22 patients, or 32.8 per cent of the original 67. Twenty are known to be per¬ 
fectly well, and although this is 30 per cent of our pneumonectomixed patients, 
it is only 4.7 per cent of the 429 originally seen. Of the two patients who are 
known to be not entirely well at the present time, one is suspected of having 
metastatis eleven months after pneumonectomy, although this has not been 
proved. One is still living, forty’’-nine months after pneiunonectomy, although 
she has a earetnoma of the ovary w'hich lias metastasized retroperitoueally. She 
is now being treated for this carcinoma of the ovary, which is thought to have no 
relation to the carcinoma of the lung. Of the 20 patients who are knovm to he 
living and well, 16 are working regulaidy. 

Of the 22 survi\dng patients, 11 have been followed from six months to 
two years and 11 have been followed for periods of over two years. Our oldest 
living patient has been folloAved for ninety-seven months and is perfectly well. 
He has undergone two subsequent operations for other complaints since his 
original pneumonectomy, and has stood them well. Of the 15 patients who have 
surrived for as long as two years, 11 are still liAuug. Of the 49 patients who 
surrived hospital stay, 15 had gross mediastinal lymph node metastasis. Thirty- 
four, therefore, had no gross or microscopic mediastinal Ijmiph node metastasis; 
26 per cent of those Avith Ijmiph node metastasis are still living and 53 per cent 
of those AAuthout lymph node metastasis are living. 

, Another interesting statistical feature concerning the number of patients 
AA'ho have survived over three yeai-s, 8 in number in our series, is that half had 
Ijunph node metastasis and half did not. So it seems that if Ijnnph node metas¬ 
tasis is present, the patient Avill either die in a relatively short period of tune 
or Avill have as much chance to surAUAm as one A\dtliout Ijmiph node metastasis. 

Preoperative preparation is worthy of mention, although AA^e do not intena 
to discuss it here in detail. It should include a thorough examination of the pa¬ 
tient to exclude distant metastasis, which would contraindicate operation, an 
to evaluate any complication which might influence morbidity and mortality. 
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X-ray examination of the chest is, of course, essential. Tliis must include 
fluoroscopic c-xamination of the diaphragm hccauso wo have found that, in the 
presence of tumor, plironie-norvo pamlysis indicntc.s modinstinal invasion. 

In the past lew years, wo have eliminated routine skeletal sniTcy for metas¬ 
tasis because it has seemed to us that skeletal metnstnses from carcinoma of the 
lung arc almost invariably painful and thereby make their presence siLspectcd. 
Thus skeletal survey seems indicated only in those i)nticnts with so-called hone 
pain. 

Cardiac sura'cy, including electrocardiogram, is essential. We have rcccntl.v 
been including ciienlntion time and an overlond test which so far have seemed 
to be a helpful indication of cardiac reserve. The overload test is done by 
introdneing 10 c.c. of saline per pound of body weight into the patient's venous 
circulation in thirty minutes. Venous pi'es.sui'cs and circulation time are taken 
before and after introduction of the fluid. If the imtient develops any untoward 
synrptoms, such as shortness of breath or cyanosis, during the introduction of 
the fluid, it is immediately stopped. 

• Bronchoscopy is routinely utilised in an attempt to obtain adequate biopsy 
and also to determine the exact location of the lesion. Rnoteriology of the 
sputum and bronchial .seci'ctions is rontincly cheeked. We have noted tliat 
tuberculosis and carcinoma occasionally appear together. Also, routine cultures 
and susceptibility tests have aided as in choosing antibiotic therapy, which is 
employed routinely. We consider 200,000 units of penicillin daily for five to 
scyca days before operation, in divided doses, ns usually adequate. Wo have 
utilixcd streptomycin when bactcriologic determination indicates it. Becontly, 
mo have routinely been oniplo.ving aerosol inhalations three days Ixiforo surgery. 
Bepeat bronchoscopy is employed when secretions are exce.ssive or when there 
is definite bronchial block which might be Itcncfitcd by bionchoscopy. We have 
routinely inserted 100,000 units of penicillin and 1 Gm. of streptomycin into 
tl>o thorax at the time of operation. We have generally utilized approximately 
S Qra. of sulfanilamide powder in the pleural space, but this has recently been 

discontinued. 

Postoperative care lias been directed mainly toward symptomatic treat¬ 
ment. In general, wo have utilized oxygon for at least twenty-four hours and 
often longer. tVo have introduced penicillin and streptomycin into tlio thorax 
''■henever aspiration for pressure readings was necessary. Wo have employed 
lo\r-fluid intake for the first week after operation. Wo believe that ambulation 
m patients who have had pneumonectomy should irot bo hurried, llild exercise 
m bed and frequent change in po.sition are encouraged. Undue effort might 
^1 throw these patients into cardiac failure, should failure be impending. 
'Uien patients are permitted out of bod following pneumoneotomy, wo keep 
®ction as passive as possible. 

The drug that has been most helpful to us in treating cardiac failure or 
■nipending faOuro has been digitalis. Wo have been fearful of using it rou- 
Pomy, but have employed it in adequate dosage when the patient’s pulse be- 
'^mes unduly rapid or when any symptoms suggesting failuro appear. If any 
measures have aided our treatment of impending failure, they have been limita- 
mn of finids and the judicious use of digitalis. 
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Operative tecluiique has not varied tremendously in the past few years. 
We generally make our approach through the third’interspace anteriorly, since 
anesthesia is more easily maintained and the mediastinum seems quite accessible 
from this approach. We routinely ligate the pulmonarj’- artery before the veins 
are ligated. We generally dissect out the individual vessels before ligating any 
of them, so tliat we may perform our operation in stages if the patient’s condition 
seems to warrant it. AIL vessels arc transfixed as well as ligated. At present, 
we have no definite opinion about broneliial closure. We Icnow of no superior 
method. If possible, we prefer to pleuralize the bronchial stump. 

During the past two year's, we have routinely left a small catheter in the 
thorax for several days, so that changes in pressure can be readily remedied 
and antibiotics introduced daily. We have done thoracoplasty later only on 
those patients who developed empjmma following surgerjL Thoracoplasty then 
is utilized after the patient has entirely recovered from the pneumonectomy 
and subsequent postoperative infection, usually in about six weeks to rivo 
months. We have not found that these few patients had more pulmonary re¬ 
serve or better cardiac fiuiction than those in whom thoracoplasty was not used. 

The extent of our operative procedure has, incidentally, been somewhat 
variable. We have not hesitated to take out a portion of chest wall Avhen it 
seemed necessary because of the extent of the tumor; one patient who is living 
and well thirty-one months after pneumonectomy had a portion of five rilis 
resected. We have taken out portions of pericardiiun and, on one occasion, 
went slightly across the carina in an attempt to remove all obvious tmnor. We 
do not consider anj" risk too great to take if there is a chance of cure. 

COMMENT 

It is verj"^ difficult to evaluate statistics which liave been obtained on such a 
variable group of cases. It seems very discouraging when one realizes that the 
salvage rate on 429 patients originally seen is onlj’^ about 4.7 per cent. It is 
also somewhat discouraging when we realize that only 149 of these original 
patients were even subjected to surgeiy. Of the group who were not operated 
upon, many patients had very olndous contraindications to surgeiy when first 
seen. We have not and do not intend to censor physicians for sending us ob- 
riously inoperable cases for evaluation; these patients have been given at least 
the benefit of careful evaluation, and occasionally palliation has been afforded 
them by x-i’ay therapy. We are much more interested in stressing early diag¬ 
nosis, Avhieh wU be the most important factor in iniproring our salvage rate. 
It is at least hopeful that we have been able to salvage the occasional case. 

Certainly the figures that have been accumulated compare favorably vnth 
the treatment of carcinoma of the stomach. It is also difficult to evaluate mor¬ 
tality. Our mortality from infection has been largely eliminated, and since 
1942 the over-all figures have been reduced chiefly by the use of antibiotics. 
Our present mortality rate is approximately 20 per cent. Mortality appareiitl} 
must still depend on the condition of the patient who is being operated on. 
This mortality is largely due to cardiac failure. We must, therefore, improve 
our methods of handling this complication. During one period we had fifteen 
consecutive pnemnonectomies without any infection and without mortalitj. 
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Tc have not boon able to find nny jmriiciilnr reason for tin's unnsnal run of 
what we must consider good luck, and I bcliovo that wc will have to attribute 
it to tlie fact that we were o]iornting on patients who were lictter risks than 
usual. 

If we cannot reduce the inoHality of pneumonectomy, we mast consider 
lobectomy in some patient.s svlio have pcriplicnd lesioas. Pneumonectomy is 
certainly ideal since it aifonls adequate bilar dissection, but the figures of 
N’enhof aie intriguing, and in our omi cases wc found only eighteen out of 
sixty-seven who bad hilar lyunpli node involvement, and this l.mnpb node in¬ 
volvement could have been almost universally pmlicted beenu.se of the location 
of the lesion. lii the light of these i-cpoHs, it rvould seem that we must either 
■lower the mortalit.v of pneumonectomy or .strongly consider lobectomy in certain 
peripherally located lesions. The ideal operation Ls n.ssurcdly imeumonectomy. 


SOJIMARY 

Sixty-seven jineumoncctomies which have Ik-ou followed for a period of 
from six to ninety-nine mouths have been discussed. The salvage is definite 
though small, 32.8 per cent. Careful evaluation of the patient preceding sur- 
gerj- Ls very important. Early diagnosis .should considerably improve the opera- 
hility rate. The most important condition irroducing iiostopcmtivo mortality 
US cardiac failure, infcetioii having been largely eliminated by antibiotic therapy 
and careful technique. The operative mortality of pneumonectomy mast be 
raduced or lolrectomy mast seriousl.v be considcivd in certain peripheral lesions. 
Twenty patients are living and well for six months to ninety-nine montlis fol¬ 
lowing pnonmonectom.v and two othem have died of unrelated causes. 
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SUEGICAL TREATMENT OF CONGENITAL CYSTIC DISEASE OF THE 
LUNG WITH A REPORT OP TWO CASES 

E. Hakrison Griffin, M.D., Allison J. Vosseler, M.D., 

AND Stanley E. Prentice, M.D., Brooklyn, N, Y. 

A DECADE ago, congenital cystic disease of the Inng had a formidable 
prognosis. In a rernew up to 1935, Sehenck and Stein*® stated that although 
adults might live for manj’- j^ears ivith pulmonary cysts, the condition in children 
and infants carried the gravest outlook and early death was frequent. In 
an analysis of fiftj^-one reported eases in infants and cliildi’en from 1925 to 
1935, thirty-five of the patients, or 69 per cent, were dead. Sehenck and Stem 
concluded, “No specific treatment can be offered. Many cases present a 
surgical problem and future thoracic surgery in infants and children must 
meet the challenge.” Chemotherapeutic agents have altered the prognosis, but 
the disease and its vainous complications remain in the realm of thoracic surgeiy. 

In 1943, seven years after the review by Sehenck and Stein, Fischer and 
associates® reported a successful lobectomy for eongerdtal cystic disease of the 
lung in a 4-week-old infant and stated thej' were unable to find by “close study 
of the literature” any previously’' repoited successful cases of lobectomy in so 
young a patient. Gross,* in 1946, reported a successful pneumonectomy for 
pulmonaiy cysts in a 3-week-old infant. There are few other reports of 
excisional surgeiy for this disease in infants. Smith,*® in 1942, reported a 
successful lobectomy by Churchill in a 19-mouth-old infant. He stated, “It 
is believed that competent surgery offers the best opportimity for cure when the 
disease is of clinical importance, wFen discovered early, when localized . . . and 
when, in cei'tain cases, sufficient time has elapsed that the natural restoration 
of function seems unlikely.” 

The present paper is concerned ivith a report of two cases of congenital 
cystic disease of the lung which had successful extirpative surgery. One was 
an infant of 11 weeks who underwent a lobectomy. The other was a boy of 
4 years, upon ivhom a total pneumonectomy was performed. Because of the 
smaU number of patients successfully operated upon reported among infants 
and children, the present tivo eases are considered statistically worthy of report. 


CASE REPORTS 

Case 1.—A white baby boy, J. P., was born on March 25, 1947, of a normal priraigrayidn 
in the thirty-fourth week of gestation at the Methodist Hospital, Brooklyn. Birth weight 
was 4 pounds 13 ounces. On the third day of life, the baby became cyanotic after a 
gavnge feeding. X-ray examination revealed what was believed at the time to be an 
atelectatic right upper lung (Pig. 1). For the next three days, tlie infant exhibited episodes 
of cyanosis and coughed up blood-tinged, mucinous material. During this period, he was 
supported Lr oxygon, parenteral fluids, antibiotics, and incubator care. Recovery was 
progressive, and, as the “atelectatic’^ process of the right upper lung resolved, it became 
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apparent that cyrtic cavitation roplnco<3 the lung tlMuo in this area. Ho vnia discharged 
from tho hospital nt 6 Trocks o£ ngc, wclglilng six pounds, and in good health. 

Three vreolcs later, the patient was readmitted with marked respirator}' distress and 
rigns suggesting a tradioobronchitls and consolidation of the right upper lobe. Boentgeno- 
gnun showed a renccumulntlon of fluid in the previously described cavcmoTia nron, with 
furrotradlng Inflammation. Besolutlon with rcsldnal cystic loculntlon occurred by the 
twelfth day (Figs, 2, 3), The petllatrlclnn (S. E. P.) requested a consultation, and it was 
decided that surgery ofTcrcil the best hopo for an ultimate, favorable prognosis. 

Operaitve Procrtlurr.—Juno 11, 1017, the pleural envity was entered tlxrongh the right 
fccoad anterior intercostal space by the senior nuthor, at tho Methodist HospltoL The 


Klc. 1. 



Ftr. 2. 

1 (Ca»o 1).—First x-ray film from which dlacnosU of atclectaal* wu made, 

1).'-Prooporatlvo roentBenocrara ahowlnt cyaUo dlaeaw In richt upper 
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right upper lobe was found to be the site of extensive cystic disease with eridenee of recent 
pneumonitis. An interesting finding was tho presence of an extrapulmonary cyst between 
the upper and middle lobes. It was enucleated separately. A right upper lobectomy was 
performed; the lobe bronchus was too small and friable to close in the usual manner and 
it was closed with simple transfixion ligation of fine silk, after individual ligation of the 
vessels. The middle and lower lobes appeared normal. The chest wall was closed ana¬ 
tomically and intercostal underwater drainage instituted. The remaining lung tissue was 
seen to obliterate the pleural space and the tube was removed on the second postoperative 
day. The hospital course was uneventful and the infant was discharged on the eighth 
postoperative day, weighing eight pounds. 



Fig. 3. Fig. 4. 


Fig. 3 (Case 1).—Lateral view taken preoperatlvely. 

Fig. 4 (Case 1).—Chest film taken eight months postoperatlvely. 

Microscopically, the cystic structures were seen to be composed of fibous tissue lined 
with columnar ciliated epithelium characteristic of bronchial mucosa. The surrounding 
pnlmonarj' tissue was atelectatic and the site of pneumonitis. 

On follow-up, sixteen montlis later (November, 1948), the infant was in good health 
and weiglied 2S pounds. A check-up chest film revealed normal findings (Fig. 4)- 

Case 2.—A boy, B. K., was admitted to Peck Memorial Hospital, Brooklyn, for tlie 
first time on March 4, 1946, at tho age of 2% years. The chief complaint was cough 
and crampy abdominal pain for five days, marked by a temperature of 305° F. 

Past history revealed an uncomplicated birth. At the age of 23 months, on Ang. 3 > 
1945, the cliUd suffered an electric shock. He was rendered unconscious and was hospitaliz 




OKIFFLV CT AI..; SUKOhUlV rOH CONMKMTAI. rUfiMONAHV CYSTIl’ OISB.ViiK 687 





688 


THE JOURNAL OF THORACIC SURGERY 


for one day. He was discharged with' a diagnosis of electric shock and bums. At this 
time, no abnormality was noted relative to the lung and, unfortunately, no chest film was 
taken. 

For a month prior to the 1946 Peck Hospital admission, 'the child had exhibited easy 
fatigability. He did not elect to climb stairs and his play tolerance had become short. 



Fig. 8 (Case 2).—Photograph of pathologic specimen. The larger lower cyst Is readily seen. 

The arrow points to one of the smaller cysts. 

Physical examination revealed suppressed breath sounds in the left lower lobe and 
a shift of the heart to the right. Chest x-ray film showed gross distortion of the intra- 
thoracic viscera due to a large ovoid lung cyst, measuring 6 by 7.5 cm. which crowded the 
entire base of the left lung and displaced the heart at least 3 cm. to the right. There was 
also another cavitation in the left apex which appeared triangular in shape. There was 
evidence of pneumonitis surrounding the cysts. The inflammatory component responded to 
treatment, but the tension cyst produced progressive mediastinal shift and severe restric¬ 
tion of activity. It was decided that decompression of the cyst was necessary before 
deflnitive surgery could be performed. 

On April 22, 1946, a rib resection was performed (by A. J. V.) removing two inches of 
the eighth rib directly over the large lower cyst. The wound was packed and, four days later. 
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tbo cyrt wns opened, uith excision of n section of tho wall for pathologic study. A thoracotomy 
tube was inserted into tho cyst and subsoquontly the mediastinum shifted to tho loft 
lofflcicntly to allow tho child to bo normally active (Figs. 5, 0). 

Tho tissue was reported na “congenital broncliiolitic cN'st.^ 

The child loft tho hospital In good condition, with tho tnbo in situ. 

During tho following olgiitcen months, ho lc<l a more or less normal life, and developed 
fairly normally, althougii ho rcmalnc<l underweight. 

On Oct. 28, 1P47, tho cldld was readmitte*! to the Carson Peck liemorial Hospital for 
definitive snrgorj'. A total left pnoiimoneetomy wan pcrfonnc<l by one of us (E. H. G.). 



• (Cose 1 ), —Photoemph of patient, showing pneumonoctomy scar and olosM thoracotomy 

wound. 


The fifth rib was resected subiwrioatcally and the pneumonectomy done by dividing the 
structures first and the fistulous tract last The cutaneous opening of the fistulous 
had been sealed oil prior to tho opening of the chest cavity. After excision of the 
tract, the main wound was closed with intomipted silk sutures in layers. Penicillin, 400,000 
^its, and 1 Qm^ streptomycin were placed in tho left chest cavity through a catheter 

which “■ - - - ... 


was removed as the lost suture was tied. The cutaneous component of tho previous 


tjo^cotomy wound was closed in layers after sealing off tho main pnenmoneotomy wound. 
^0 drainage was used (Fig. 7). 

The pathologic report was diffuse congenital cystic disease of the left lung with in- 
^rrenlng atelectasis and pneumonitla (TTg. 8). 
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The child was discharged from the hospital on the seventeenth postoperative day in 
good condition (IHg. 9). It is now tlurteen months (November, 1948) since the pneu¬ 
monectomy. The child lives a normal life. He is extremely active. He Is now 4(4 years old 
and is growing at a normal rate. 

COMMENTS 

Complications of congenital cysts are of three kinds. The firet is infection 
of the cyst wall or suppuration -within the lumen. This may be of serious nature. 
The patient in Case 1, although only 11 weeks of age at the time of operation, 
had had two critical episodes of suppurative disease. 

The second complication is altei’ed physiology as seen in Case 2. Cysts may 
be connected to the respiratory tract by relatively small or angulated passages, 
so that air enters,, but becomes entrapped. Thus, a positive pressure can be 
built up -within the cyst, so that the structure becomes greatly distended and 
compresses adjacent lung tissue and mediastinal organs to the opposite side 
of the chest. Because of this, respiratory distress can be so extreme that the 
situation may be incompatible mth life unless some form of relief is promptly , 
instituted. This complication led to preliminary decompression in the second 
case. 

The third tj’-pe of complication is rupture of the cyst into the pleural 
cavity with possible tension pneumothorax and empyema.® 


DISCUSSION 


Numerous excellent re^news of cystic disease of the hurg have appeared in 
the now voluminous literature of the subject.^'’- We shall 

limit our discussion to congenital cysts. Acquired, dermoid, echinococcal, cysts 
of indeterminate origin, and rarer ones such as aberrent gastric cysts are not 
-within the scope of the present paper. 

Congenital cysts are less common than acquired cysts wliich appear as a 
consequence of inflammatory reactions. Congenital pulmonary cysts may be 
single or multiple, localized or scattered; they may or may not communicate 
-with a bronchus and may contain fluid, gas, or both.^®’ Such an abnormality 
of the lung may arise as a solitaiy structure from an accessoiy bronchial hud. 
The cyst may appear as a pedunculated affair, situated between pulmonary 
lobes or else projecting in front of or behind the lung root. Such a solitary 
lung cyst was found between the upper and middle right lobes in Case 1- 
This Avas in addition to a diffusely cystic upper lobe. More frequently, howevei, 
cysts develop within the parenchyma and under .such circumstances they aie 
quite likely to be multiple. This was true of the second case. Congenital lung 
cysts are occasionally bilateral, but, fortunately, they are more often lumted to 


one lung. 

"Whereas acquired cysts presumably do not appear until early cluldhood at 
the earliest, it is conceivable that tissue predisposition, i.e., weakness of the 
elastic or muscular layer of the bronchus,^® may lead to cystic malformation at 
a very early period. Thus, some forms of cystic disease—localized cystic 
bronchiectasis, for example—^might be considered congenital if they appear m 
early infancy and acquired if the tissues withstand the strains for a longei 
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period of time. C'ertoin ]mtliologic eonsHlemtion.s’ fortify tliis concept. Jtost 
palhologi.sts eoDBidor nny cyst lined with n broncliinl epithelium, the indiiddnnl 
cells of whicli nrc imicus-seei-ctinE!, eilinted niid columnar in type, ns congenital 
m nature. 


Congenital cysts nrc usually bronchial in origin’’but rarely 
may bo enterogenous” or lymplmngionmlous.’" Anspncli and Wolmnn’° re¬ 
viewed the theories of iiathogoncsi.s prevailing in 1033 and suggested that most 
eongcnilnl cysts nrc fluid-containing at birth and frequently rupture or spill 
over into a bronchus after birth, becoming air-filled cavities. The clinical 
course and x-i'ny findings of Case 1 would suggest this turn of events. 

The symptomatology of a given cyst depends on the original anatomical 
status together with postnatal changes nlTwted by respiratory action and in¬ 
fection. A small cyst may give no signs or .symiitoms and ocensionally larger 
ej’sts may peisist into adult life before their presence is snspeeted.”' ” The 
pattcni descrilied by Anspach and Wolnian has lieen followed, generally, in the 
subsequently reported eases and was tnic of our two eases. 

The physical signs, depending on the .stage and type of pathology, are, of 
course, extremely variable. Schenek’* has labnlateil the signs and symptoms 
■nml their relative frequency. These ineluiled almost everything that can he 
imagiued as occurring with disease of the lung. 


The x-ray features of congenital cystic disease of the lung have been de¬ 
scribed by many competent observers.”’ The problems of dilTcrentinl 

diagnosis arc often considerable. Fluid-containing cysts, licfore rupture into a 
bronchus, and depending upon the clement of infection, may suggest infiam- 
matot)’ consolidation, nlolcetaais, empyema, or even solid tumora. Atelectasis, 
in tlio first ca.se, is aiiparently the most frequently simulated picture. Air 
vj'sis, in whicli a fluid level may or may not lie prt'.sout, neoes-sitalc dilferentiation 
from olBtnictivc emphysema," bnllons omphysemn, loculated pneumothorax, 
liJTropnenmotiiora.x, pnlmonaiy abscess, acquired bronchiectasis, and tiiber- 
eoloas ca-vitation. In the neonatal period, tiie possibilities are limited and the 


roentgenologist, given a complete clinical history, con often make the diagnosis. 

Boyd,‘° in his sixtli edition of Surgical Pathologij (19-17), states, “It is 
not possible to ivrito a satisfactory accoimt of cysts (congenital) of the lung for 
■ paUiologj- is so confused.” A review of the literafuro would seem to in¬ 
dicate that the difficulty arises out of the fact that the original anatomy, ■which 
Welndes variable degrees and patterns of congenital deformity, may be altered 
oy mechanical factors or infeetion cither alone or in combination. Through 
- nil of the controversy, there is hut one pathologic fentnr’e more or less universally 
“ceeptod, timt the tj-po of lung cyst which develops fi’om a bronohinl bud is 
of necessity, at least in its primordial state, lined with mucus-sceroting, ciliated 
wlumnar epitliclirmi, characteristic of bronchial mucosa. Most recent authors 
upon this ns the basic histologic fenturo of an undisputed congenital 
eyst.^ e », o Variations and nil gradatiorrs from the typical to a flattened 
Wboidal type of epithelium have been described.”’ It is understandable 

rat infection might destroy the original cpitholinm and replace it with grannla- 
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tion tissue and eventually -with, a less characteristic cell type. The walls and 
supporting stroma of the cysts have also been variously described and, un¬ 
fortunately, the few reports of pulmonary cysts in stillbirths^® do not solve 
the problem because of developmental factors and the variety of iindings which 
might be postulated. Dickson and associates® (1946), in reviewing the histologic 
features of twenty-two pulmonary cysts, suggest that disorderly arrangement 
and erratic grouping of the supporting stromal structures (eartUage, smooth 
muscle, elastic tissue, and glands) are characteristic of most congenital cysts. 
They constrast the extreme variability of the supporting tissues and the frequent 
dominance of one or the other of the stromal elements in the congenital cyst 
with the orderly arrangement of these stmctures in simple bronchial dilatation. 
It is of significance, however, that their youngest patient was 7 years of age 
and that all but three of the twenty-two cases showed signs of infection. They 
readily concede that absolute classiQcation is diflicult and, at times, impossible 
because of the interplaj’- of congenital and acquired factors. 

Various forms of surgical therapy have been employed. A needle can be 
passed through the chest wall into tlie e 3 '-st cavity permitting withdrawal of 
entrapped air. Improvement is likely to be immediate and dramatic but it is 
temporary, as the air will again accumulate. Furthermore, a connection to the 
pleural space may be made and a tension pneumothorax result. Aspiration, 
with a fine needle, should be employed only as a temporizing measure, while 
preparing for more adequate tlierapjL 

A trocar may be employed through which a catheter is threaded for the 
establishment of more prolonged aspiration. Li this form of therapy, it is 
preferable to use a small mushroom catheter so that its bulbous end can be 
pulled against the inside of the cyst w'all preventing escape of air into the 
pleural space.'* Constant application of suction should keep the cyst com¬ 
pletely collapsed. This is of value in preparing for more extensive surgery. 
One of us (A. J. Y.) elected a modification of this method to bring the second 
of our cases to definitive excisional surgery in the best possible condition. The 
use of selei’osing fluids is precluded by the possibility of communication of the 
cyst with a bronchus. 

Marsupialization of the cyst onto the chest wall with destruction of its 
membrane by curettage, cauterization, or packing has points in its favor. The 
external opening, however, produces considerable danger. Infection may gain 
entrance to the regional lung, a problem which would be difScult to control. 
The greatest objection to the method is tliat congenital cj^sts are prone to be 
multiple. Hence, marsupialization should be practiced only when the surgeon 


is certain he is dealing with a solitary cyst. 

Enucleation of the cyst or the removal of pulmonary tissue is by far 
tlie treatment of choice. Segmental resection, lobectomy, or even total pneu¬ 
monectomy may be necessary. In Case 1, right upper lobectomy and enuclea¬ 
tion of an extrapulmonary cyst were sufficient. In Case 2, a left total pneu¬ 
monectomy was necessary to remove aU the pathology. The presence of a- 
bronchocutaneous fistula in this ease presented an added technical difficulty. 
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ADomalous blood vessels arc irequently associated ■with congenital cystic 
disease. They may bo of considerable caliber and arc notoriously variable in 
origin, even traim’crsing the diaphragm to take an anomalous position in the 
thorai. It is of prime importance that tlic thoracic surgeon dealing vrith the 
excision of cystic disease of the lung should be cognizant of these facts. Ad¬ 
hesions in a location usually divided with impunity may conceal largo vessels; 
if these arc not ligated, the operation would prove disastrous. 


SUMSIARY AND CONCLUSIONS 


Two cases of successful cxcisional snrgcrj' for congenital pulmonary cystic 
disease arc presented. The first case is a lobectomy in an 11-wcek-old baby. 
The second case is a left total pncnmoncteomy in a 4-ycnr-old boy. 

The literature is remewed. The diagnosis, symptomntologj', pathogenesis, 
pathologj’, complications, and treatment arc discussed. 

Excisional surgerj’, wo believe, is the treatment of choice in congenital 
e.vstic disease of the lung. Infants and young children withstand thoracic sur- 
geiy well. 
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SURGICAL WOUNDS OF THE LUNG 
The JIode or IIe-mjno of Pulmon’ary Tissue 

JIlN-AS .lOAKMDFS, JI.D., AllTHUU L. IIeSSE, B.S., AND 
JIlNAS JOANKlllES, Jr., B.S. 

Cincvno, iu,. 

QTRUCTURAL clinH)^os iu the luiijr linvo iiceii eloarU* described iu infectious 
and iieoplnstic diseases of the Iuurs. Siu-h is not the case, however, in pul¬ 
monary- tmunia due to accidents or snrpieni inlcrfcrenec. A diligent search iu 
the medical literature I'cvcnlcd very* little work done on tlic subject. In 1929, 
Olch and Ballon' descrilicd the development of sear tis-suc on the lung resulting 
from expcriinontal yvounds. No other paper iippeured until 194-t when Slont- 
gomery’ described the mode of healing of ex)ierimental wounds of the lung. 
Ifore recently. Porter, Higgins, mid Claggott’ reported, in abstract, cxiioriment.? 
carried out on thi.s field. The complete mticle. ns far ns yve know, has not, ns yet, 
appeared in any publication. 

A number of related ariieles dealing yvith the imthologie physiology of the 
lung arc worth mentioning. The monograph of Cei-il K. Drinkori on pubnonarj- 
edema describes licnutifull.v the role of capillary anoxia in the diffusion of exu¬ 
dates from the nlvcolar cnpillaric.s into the alveoli. JIaeklin’s" description of 
tracheobronchial musculnturo and the ph.v.siologic mechanisms involved in nor¬ 
mal respiration, ns well as in pathologic statc.s. Is yvorthy of mention. The basic 
ftcLs concerned in wound healing dcserilied by Arcy,“ though not directly con- 
, corned with changes in the lung, nm.v yvcll be applied to healing of pulmonary 
t^issue. The role of phiigocytasLs in the handling of foreign material in the lung 
as been aptly dLseussed b.v Robertson.' 

In tlioracic surgery a gi ent deal of progrcs.s was made since the report of 
tiraham* on a sncecs.sral pneumonectomy for carcinoma of the lung. A great 
slop forward yvas made by Blades and Kent” yvith the individual ligation tech- 
Wqnc for pnoumoncctom.v. The covering of the bionchial stump yvith pleura has 
prevented a largo number of annoying and even fatal bionclrinl fistulas in the 
patients requiring a total pnoumoncctom.v. Patients who may lequire only a 
TOutotal pneumonectomy gonerolly do verj- yvcll if some pulmonarj- tissue is loft 
0 be used as a covering ]>ad of the bronchial stump.Not all patliologie states 
'!* ^ung require comjdcto i'C.seetion of the lung and techniques have been 
escribed even for segmental i-esection of the lung." AVe have felt for many 
years that surgeiy of the lung, unless definitely indicated, need not be too 
urastic or mutilating. 

In benign lesions every effort ought to be made to preserve as much normal 
5 as possible for future necessities. The less noimal lung necessarily is 
^enfleed, the more lung is left to serve for the general economy of the patient 
emergencies. 

the Bopartment of Sursery. Collccc of Medicine, University of minole. 


■od for publlcntlon l>cc. 1, 194S. 
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With, this principle in mind we carried out a series of experiments over a 
period of yeai-s in the hope of determining what happens to the rem ainin g por¬ 
tion of the lung which has been operated upon, after surgical trauma and suture. 
We studied the effects of such injuries as crushing and puncture wounds, tears, 
incisions, resection of wedges of lung, and finally resection of lung tissue at right 
angles to the axis of the bronehovaseular elements. We also studied the response 
of the lung to absorbable and nonabsorbable suture material. The effects of these 
procedures were studied by sacrificing the animal immediately after the experi¬ 
ment, at 90 minutes, at 24 to 30 hours, at 48 hours, at 5 to 7 days, at 10 to 14 
days, at 1 month, at 6 months, and at periods of four j'ears or longer. 

The peculiar structure of the lung is instrumental in the development of 
certain basic changes resulting from injury or infection. Anatomically the Inng 
is so constimcted as to expose as much of the capdlary blood supply as possible 
to the alveolar vapors. Because of this fact, the human lung is made up of ap¬ 
proximately 750 million alveoli which are connected with the atmospheric vapors 
through the tracheobronchial tree. The vascular and lymphatic supply of the 
lung follows much the same pattern of distribution as the tracheobronchial 
tree.* The capillary distribution of the alveoli is so constructed that an enormous 
amount of blood is present in the lung at any one given time. By means of sur¬ 
face stereomicroscopic studies on the alveoli of living dogs, frogs, and alligators, 
we learned^® that the alveolar wall is practically flooded with blood in the one¬ 
cell capillaries which drain the blood into larger venous capillaries at the inter¬ 
alveolar junction. This is also true in the intra-alveolar septa that project into 
each alveolus. These capillaries connect with the larger ones at the interalveolar 
junction. The flow of blood is in one direction and gives the impression of waves 
seen in wheat flelds when the wind blows over them. 

The lung having one root at the primary bronchus may be considered fan 
shaped if we can imagiue a fan projecting in aU directions and planes. Because 
of this structural pattern, any distortion of the noimal contour of the lung has 
a tendency to bring the bronchi and vessels in closer apposition and thus these 
elements assume a contour of a number of strands bunched together. In our 
description of this pattern we shall refer to this change as strand formation. 

The lung has all the opportunities for proper drainage through the tracheo¬ 
bronchial tree. With the exception of the interstitial tissue, it is exposed to the 
atmosphere. In the absence of bronchial occlusion most foreign particles, includ¬ 
ing pus, may be expelled by cough or postural drainage. Furihemore, the 
tracheal mucosa is covered with ciliated mucous epithelium. This pattern extends 
down to the respirator}’’ bronchioles.® The cilia have a very’’ active upward move¬ 
ment and may aid in directing toward tlie trachea any^ particulate matter or 
mucus that finds its way^ into the respiratory passages. The goblet cells of the 
mucous layers of the epithelium assist in this process by lubricating the foreign 
particles ’with muc’us. The extensive musculature of the bronchi, by narro’wing 
and dilating the lumen and by elongating and shortening the bronchial trunk, 
do their share in eliminating noxious matter that may find its way into the 
respiratory passages. The act of coughing plays a very important role in the 
expulsion of noxious matter from the tracheobronchial tree. 



JOANNIDES ET At.: SUIIGICAI, WOUNDS OF LUNO 


G91 


The treelike bmneliing o£ the bronchi nnd the blood vessels is terminnl. 
There is no collatoml brancliinf:. It is for this reason that occlusions of bronchi 
genctally result in atelectasis. By the same token occlusions of the vessels result 
in local blocking of the blood supply to cause iufai'ction.'” The presence of 
alveolar pores has been described and was given ns a means of collateral respira¬ 
tion. Such pores, however, are not sulllcicnt to tnko enro of large groups of 
alveoli, especially those arising from a bronchus independent of the one supply¬ 
ing air to a given area. 


In our work wo have found that the lung produces a thick, gummy, yellowish 
secretion which serves to plug up lacerated or injured alveoli and small bronchi. 
This secretion vrill plug up the lung tissue so that in a short time air leakage 
may stop. This process is enhanced by the contraction of the lung wliich follows 
when air finds its way into the pleural cavity. 

Healing of lung tissue is so prompt that many minor injuries occurring in 
the lung heal witliont even producing clinical symptoms. For example, when a 
small perforation occurs in the lung from a rupture of a plcuiul blob or a punc¬ 
ture of the lung surface with a needle (ns in the case of artificial pneumothorax) ■ 
air escapes into the plournl cavity. This air is sucked out into the pleural space 
by virtue of the existing negative intrapleural pressure. The lung then begins 
to collapse and by doing so tlie alveoli arc compressed, the bronchovasonlar ele¬ 
ments contract and become more closely approximated. As the pulmonary tissue 
juices seal off the puncture wound, no more air or fluid exudes from tlie injured 
aurfneo of the lung. HVithin five to seven days the repair processes have been 
oompleted. Coineidentally, the air in the pleural cavity is absorbed, the lung 
to-expands and functions as before. It is interesting to note that after seven 
fisys no evidence of injur)' may appear in the lung, except some local thickening 
of the visceral pleura. 

If the lung is exposed by thoracotomy when sucli an injury occurs this 
process of healing may be facilitated by gently pressing the injured portion of 
the lung with the thumb and index finger or by a gentle stroking massage, with 
®^ht pressure over the denuded area, at the point of leakage. In this way, the 
alveoli boeome contracted and tlie pulmonary tissue juices seal off the alveoli, so 
mat air leakage is eliminated. Such a seal Imcomes sufficiently secure to prevent 
lurther leakage oven when the lung is distended to its normal volume immedi¬ 
ately after the scaling process takes place. When the visceral pleura is com- 
P etely scaled, the negative intrapleural pressure gradually allovu air to be 
aPcked into the contraoted alveoli and a normal distention occurs. 


If air is introduced into the lung under increased pressure, up to 60 mm. 
Si or more, then one or all of the following complications may develop”: 1. 
c intra-alveolar pressure may rise so high as to force air into the capillaries 
“Du result in air embolism. 2. The normal cohesive power of the visceral pleura 
be overcome and a pleural bleb may result on the surface of the lung. If 
0 tension is high enough to rupture the bulla, the air will leak into the pleural 
®yity and result in a pneumothorax. 3. If the intrabronchial pressure is un- 
high (up to n maximtim of 100 mm. Hg even for an instant) the hilar 
P may become detached and cause mediastinal, retiuporitoneal, and intor- 
^ emphysema. It is obvious, of course, that when a larger bronchus is 
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injured only a suture of the bronchus can seal such a leak. "When a fairly large 
bronchus is involved, the air continues to escape into the. pleura and if the 
mediastinum is fixed and there is no ball-valve opening, the intrapleural pi-essnre 
rises to a point equal to that of the intrabronchial pressure and thus the air 
leakage stops. If a small bronchus is involved, then the contraction of the lung 
along vdth the plastic pulmonary tissue juices results in an occlusion of the 
leaky bronchus. It is for this reason that the patient with a spontaneous pneu¬ 
mothorax may safely be left alone unless he has evidence of respiratory em¬ 
barrassment. Thus, most cases of spontaneous pneumothorax clear up -without 
aspiration of the air from the pleura provided the cough is controlled and thus 
increased intrabronchial pressure is eliminated. 

EXPERIMENT.? AND RESULTS 

'When, the lung tissue is compressed gently -with rubber-tipped clamps no appreciable 
changes occur. In this -way, the lung may be sutured aseptically -without the introduction 
of infected materials that may leak from the bronchi. However, if the lung is forcibly 
crushed by an artery forceps, a dent appears at the point of crushing. The proximal and 
the peripheral portions of the lung, on either side of the crush injury^, contract and expand 
normally. If the intrabronchial pressure is increased, tlie dent -will gradually disappear 
and the lung will assume gp-ossly its original contour. All that remains on the surface is 
a pink line at the point of crushing. Increased intrabronchial pressure stretches the 
alveoli to their normal capacity.i'* This principle can be profitably utilized for the care 
of congestive changes of the lung causing consolidation ns found in pneumonias. “When 
the crushed alveoli are stretched to their normal volume, the microscopic appearance of 
the area reveals no deviation from the normal. If the alveoli are not distended, one can 
see a pool of red blood cells at the area of crushing -with a definite line of demarcation 
between the crushed area and the normal structure (rig. 1). The alveoli are completely 
filled -with fluid and red blood cells. There is no evidence of inflammation immediately 
after crushing. After forty-eight hours one sees a diminution in the number of red cells 
and an increase in the amount of plasma. The changes arefiimited strictly to.the area of 
crushing. By the fifth day the alveoli begin to show air intermingled with pools of red 
blood cells. By the tenth day the area appears completely normal except for some thicken¬ 
ing of the interstitial elements. 

"When the lung is incised along the axis of the bronchovascular tree one may cut 
smaller vessels and bronchi which may run crosswise or obliquely at the incised area. In 
such a case the larger cut vessels and bronchi may be closed at the cut ends by ligature 
or suture and heal promptly. If, however, the bronchus or the nutrient vessel is ligated 
proximally en masse an atelectasis or infarction results in the peripheral portion of the 
lung. Such changesi® may heal spontaneously or may result in an abscess and possible 
rupture of the lung (Fig. 2). "When the lung is cut at right angles to the bronchovascular 
tree, the healing occurs without any possibility of infarction. It goes without saying that 
the proximal portion of the lung should be gently compressed with rubber-tipped forceps 
to avoid leakage of infected contents of the tracheobronchial tree into the sterile pleura 
cavity. The proximal stump may be sutured with a single or a double row of sutures o 
fine silk, plain, or chromic No. 00 or 0 catgut. Such a suture makes the stump airtig 
and watertight and when the lung is distended only the portion of the lung in the immedi 
ate vicinity of the suture does not contain air. If a wedge is amputated it is essentia 
that the base be at the periphery of the lung and the apex be pyramided toward the base. 
In this way, the cut vessels and bronchi are only the ones supplying the wedge and have 
no peripheral connection -with adjacent remaining lung. 

"When the animal is sacrificed immediately after the experiment one finds the alveoli 
at the site of the suture filled -with red blood cells. There is a. gradual diminution of the 
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hemorrhopic chnnpea immediately beyond the flnturo lino and within 1 to 2 cm. the lung 
appears normal. Soon afterwards tho blood oleiiionts and the enpillarj’ endothelium sot up 
(he processes of healing of tho (mumatired pordou of tho lung by orgziuirntion of fibrin 
and aabsoquent steps of tissue repnir,* Thiekening of the interstitial elements oocure to 
a greater or less extent. The nlvcoll thnt have boon filled with blood and plnsma attempt 
to drain out their contetils and begin to fill up with air. In ten days to two weeks, tho 
traumatized areas show newly formed l>ronrhiul oleinents, sonio Ihiekctting of tho inter* 
ftlUal tissue, and in four weeks there is n return to nonrml. In areas where tho tissnos 
are held by an unnhsorbuble suture tho picture ditfers somewhat. Hero tho bronchovnscular 
elements show stmnd formation l>etwoeii tlie sutures. The alveoli in such arens are smaller 
in size nnd their wnlls appear thickened (Vig. 3). 



In the analysis of the pulmonary response to trauma, the description of tho micro- 
fmdlnf, unaor various procedures and at different time Intervals may give a more 
"ssrtnt view. 

In Experiment 05 the lung rras erushed with a long nrtery forceps nnd Immodlntely 
•rwards the lobe wns resected. The crushed portion was not distended by increased 
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intrabronchial pressure before the lobectomy. There was a dent at the site of the crash 
and both the proximal and distal portions appeared normal. The dented area was red and 
atelectatic. Microscopically, at the site of the crushing the alveoli contained no air bat 
were filled with pools of red blood cells. On either side there was a gradual appearance 
of air-containing alveoli. Within a few millimeters beyond this area the lung appeared 
normal (Fig. 1). 



Fl^. 2.—Gross specimen 27 hours after ligation of nutrient artery. lower 

In tip of upper lobe (see A). Arrow shows effect of an incised wound on sumc ^ 
lobe. Gentle pressure stopped leakage of air and blood. No suture shows 

completely airtight and watertight before closure of the chest cavity. Tip of lower 
the effect of suture (see B). 


In Experiment 97 the dog was sacrificed within ninety minutes. A left thoraco 
was performed under Nembutal narcosis and positive pressure artificial respiration, 
tip of the left lower lobe was cut at right angles to the axis of the bronchoyascnlar 
This was done after gentle pressure was applied with a rubber-tipped intestinal clamp 
control leakage of blood and air at a point well enough proximal to the site of amputa ion. 
A double row of continuous locking sutures with No. 0 size 10-day chromic catgut ® 
the stump airtight and watertight. A wedge was also cut with the apex reaching close o 
the root of the lung and the base reaching the peripheral tip of the lung. The 
on either side were sutured individually with a double row of fine silk sutures, 
stumps were not approximated to one another. The chest was closed in layers and t e aw 
from the pleural cavity was aspirated just before the final skin sutures were applie . ® 

dog showed no reaction or shock from the experiment. One and one-half hours ter 
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experiment 'wne ilnlahed the dog was sacrificed by injecting intravenously a lethal dose 
of Nembutal to enuso a rcflplrutorj*-center paralysis. Death occurred without any struggle 
on the part of the animal. In this way, no changes in the lung resulting from struggle 
had to bo dealt with. Wo have found that even a mild struggle in the dog causes rup¬ 
ture of capillaries with resultant hcmorrhagcs.ta At autops>' the right lung appeared 
normal. The lo^ lung at tho site of the sutoro lino showed the stumps to be liverllko in 
consistener and color (Fig. 2). Tho remaining lung appeared nomml. 



of tho lung 90 minute* after 

*Dtupe. The alveoli In the Imnicdlnto %iclnltj' are flllod wWh blood element*. (X46.) 


' Microscopically, the sections from the stump of the lower lobe showed infiltration of 
interstitial elements with areas of microscopic hemorrhages. The bronchovascular ele- 
jnwit* showed no appreciable change. There was atelectasis at the site of the suture but 
J“«re were normal alveoli just beyond tho sutures. In general, with the exception of 
j^ds of microscopic hemorrhages at the vicinity of tho sutures and strand formation 
^n the sutures, the lung appeared normal. 

The sections of the stump of tho upper lobe showed changes similar to those in the 
^er lobe. The bronchovascular oleraents around tho suture showed strand formation in 
® direction of the pull of the two ends of tho suture (Fig. 3). 




Fit;. 4.—Appearance oC the Umt; 48 hours after suturo. At upper right-hand corner the sut\iro Is seen. Fibroblasts and col- 
;n fibres may be clearly soon Just beyond the suturo. .Normal luveolatlon Is replaced by “strand formation." (Xl-20.) 

Fig. 5.—Appoarnneo of lung 7 days after suture. At upper right-hand corner the catgut shows ovldonco of absorption. 
aedVittely-beyond the suture there Is thick, granulation tissue showing "strand formation.” Just beyond this area fibroblasts 
. macrophtiges arc seen In largo numbers. Alovoolatlon Is nulto evident. (X12(h) 
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Experiment 98 xvas done to study the pulmonary stump at twenty-seven hours after 
the experiment. The tip of the left lower lobe was resected at right angles to the axis of 
the bronchovascular tree. A slit was made in the left upper lobe to a point where a larger 
vessel was cut. The vessel was ligated with a mass ligature well above the cut area. The 
cut edges were sutured with No. 00 chromic catgut. The upper portion of the lower lobe 
was incised with the scalpel on the outer surface and the incision was extended to a length 
of 3 cm. along the axis of the bronchovascular elements. Air bubbles and frothy contents 
appeared at the cut surface. After stroking the cut area with gentle pressure the air 
bubbles ceased to come through and the area was not distended further. At autopsy the 
right lung was normal. There was some injection of the dog’s thin mediastinum. The left 
lung was adherent to the chest wall at the site of the thoracotomy by means of thin 
fibrinous adhesions. These peeled off easily. The tip of the upper lobe, where a mass 
ligature was placed, was purple in color, and liverlike. The tip of the lower lobe was 
normal except at the site of the suture line where it was atelectatic, dark red, but airtight 
and watertight. The site of the puncture showed no leakage of air or fluid and the cut 
edges were slightly separated from each other (Eig. 2). Microscopically, the area of sur¬ 
face tear showed a hemorrhage at the gap between the tom edges. Eibrin was present 
in the hemorrhagic area. The cut edges showed the alveoli and bronchioles filled with 
blood extending proximall 5 ' for a few millimeters. Prom there on there was a gradual 
return to normal. The tip of the lower lobe showed strand formation in the direction of 
the pull from the sutures. The alveoli were compressed and filled with blood cells. The 
interstitial elements appeared to separate more and more from each other and assume a 
more normal pattern. The area of infarction showed complete filling of the alveoli with 
blood. The normal pulmonary pattern was gone. At the edge of the infarct there was 
a definite line of demarcation between the normal stmcture and consolidated area. 

Another animal with a similar operation was sacrificed forty-eight hours after the 
experiment. The pleuropulmonary adhesions were still fibrinous in type. About 10 to 
15 c.c. of thin bloody fluid in the chest were present. All sutures held well. The sutured 
area at the tip of the lung was lighter in color than at twenty-seven hours. The infarction 
in the upper lobe appeared similar.to the findings at twenty-seven hours. Microscopically, 
the opposite lung showed areas of moderate emphysema. In an area between two sutures 
the interstitial elements were closely packed together producing strand formation in the 
direction of the pull from the suture. The alveoli were occluded and filled with some red 
blood cells and a few polymorphonuclear leucocytes. Eibroblasts were present in large 
numbers (Fig. 4). 

After five to seven days the pleuropulmonary adhesions which are invariably present 
at the site of the thoracotomy became fibrous but still stripped easily. The pleura over 
the site of operation showed some thickening. The lung at the sutured area where t e 
excision was done at right angles to the axis of the bronchovascular tree appeared norm 
The consolidation was nearly gone. The bronchi showed some flattening or distortion u 
the lumen was intact and not completely occluded. In some areas the mucosa had papi 
lary projections into the lumen. Newly formed bronchi were seen forming new air ducts 
between the new alveoli and the stem bronchus. In the immediate vicinity of the suture 
there was no tear in the lung. Just adjacent to the suture the strand formation persis e 
Alveolation became more evident. The interstitial tissue was thickened. A large num er 
of fibroblasts and macrophages were present. The alveoli were filled with serum an 
gradually integrated to the normal lung structure (Fig. 5). 

By the fourteenth day most of the absorbable suture material dissolved, and t 
space held by the suture was filled with fibroblasts (Fig. 6). The smaller bronchi be^u 
to assume their normal contour. The alveoli showed aereation. There was an m ® 
alveolar wall thickening. In areas where the nutrient vessel had been blocked one mig 
see evidence of fibrosis, or evidence of central breakdown with abscess formation. 

■Within four weeks’ time the lung appeared normal except in areas containing un 
absorbable sutures. The sutures remained intact. The strand pattern persisted aroun 
the suture and the interstitial tissue was thickened. The alveoli were small in the inime 
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diato proximity of tto irattiro and cradually appeared larger till a normal pattern vr&s 
reached at aomo distance from tho suture. Tho portion of tlio lung operated upon is 
Invariably adherent to the chest wall, tho diaphragm, or tho pericardium by dense fibrous 
adhesioas. 

At intervals longer than four weeks the lung appeared practically the same. 'W’o 
obtained sections from one dog that was sacrificed four years after n subtotal pneumonec¬ 
tomy. The stump was 2 by 2 cm. It was covered bj* a tongli fibrous pleural covering. 
The stump was airtight but air containing. It wos ndhoront to tho chest wall. A low- 
power microscopic view showed dimpling of the larger bronchus and distortion of the 
contour of tho smnilor bronchi. There wna a largo amount of fibrous tissue' around tho 
bronchus. There were some areas of normal alvoolntion ond also areas of emphysema 

CFie- 7). 

Those experiments pro\*e Imyond doubt that pulmonary tissue heals promptly. They 
also prove that lung sutnrea hold fast and do not tear tho lung. Because of the extensive 
namber of cnplllnrles, tlio cndolhcilal celle which pln3' an important role in healing, 
tho lung is better adapted to rcpnmtoiy* processes than mony other structures in the body. 
Tho presence of smooth nmselos extending down to tho minute mmifications of tho bron¬ 
chial tree and even tho alveoli themselves helps to give sufllciont body to the lung so that 
a suture may hold well and not cause a tear. On the surface of the long tho endothelium 
of tho visceral pleura promptly comes into plaj' to bridge any gnp and produce a satis¬ 
factory apposition and a good scar. Tho collagenous tissue juice of the lung has a definite 
plastic effect. This no doubt assists fn the repamtory processes present in the blood 
plMmn and tho blood cells.*, t 

It is obviously important not to introduce an\' infectious material into the wound 
daring tho suture of the long. A mild enough pressure to overcome leakage of air and 
blood at the proximal portion of the lung with nibbor-tippod forceps will prevent leakage 
of eoatnmJnatod bronclrial contents. Caro most be taken not to crush the lung and thus 
DO injury may follow. If this occurs nccidcntally, ono ma^* introduce compressed air at a 
pressure sufliclcnt to distend the crushed elements of tho lung. Healing then is prompt 
and no gross changes will occur. 

Because of the terminal branching of tho bronchovascular elements of the long, it 
is very important that any excision of lung tissue must be done at right angles to the 
bronchovuscular tree. Tills routine avoids injury to bronchovnscular elements supplying 
nelghlwring peripheral lung segments. Tlius infarction ond pulmonary atelectasis do not 
’^It. If a wodge is resected it must bo cut in sucli a waj’ that nutrient bronchi or vessels 
applying neigliboring pulmonary segments are not injured. Thus atelectasis and Infarc¬ 
tion are prevented. 

The lung tolerates unnbsorbablo sutures and little or no reaction follows. Aside from 
strand formation” and diminution in tho sire and capacity of immediate alveoli no other 
faction is noticeable. Absorbable sutures dissolve within a reasonable time and, with the 
aid of tho macrophages, phngoc^iosis and solution of the suture occur. 


StJlIMART 

In the absence of infection lung tissue heals pi-omptly ond by primary 
intention after surgical trauma. 

_ 2. The interstitial elements of the lung are stranded together in the direc¬ 

tion of the pull of tho suture. 

3- Occlusion of ■ a stem bronchiis invariably results in atelectasis of tlie 
Peripheral segment of tho lung. 

4. Occlusion of a nutrient vessel invariably results in an infarct of tho 
peripheral pulmonary segment. 

5. Sutures of the lung do not cause tears in the organ. 

6. Unabsorbablo sutures remain intact and cause only a strand pattern. 
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7. Absorbable sutures are dissolved and absorbed leaving little or no trace 
of tbeir presence. 

8. A plastic tissue juice produced by the lung assists in sealing lung 
Injuries. This juice restores the airtight and watertight function of the 
■\Tsceral pleura. 

9. Eeseetions of segments of the lung need not reach the root and may be 
made just beyond the area of pathology. The proximal segment heals promptly 
provided the stem bronchus and nutrient vessel are not ligated at a point that 
occludes air and blood supplj' to adjacent segments. 

10. Eeseetions of the lung at right angles to the axis of the bronehovascular 
elements prevent occlusion of nutrient bronchi and vessels leading to adjacent 
segments of the lung. 

11. If a vmdge is to be ronovcd it should be pyramided. The apex of the 
triangle should bo at the area of the root of the lung and the base at the 
periphery. Thus nutrient bronchi and vessels are least likely to be injured. 

12. These experiments prove that it is not necessary to make root resections 
of lobes, lobules, or segments. Thus as much healthy lung as possible may he 
preserved for the future economies of the patient. 
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CHRONIC HNEUMONITIS: ITS CLINICAL AND PATHOLOGIC 
IMPORTANCE 

Report ok Tkn Cases Showing Interstitial Pneumonitis and Unusual 
C nOLISTEROL Dei-osits 

AVilliam R. AAAiddell, AI.D.,’ Ronald C. Sntpkkn, JID.,t and 
Richard II. Sweet, SI.D.l; 

Boston, JIass. 

CLINICAL ASPECTS 

F or mnny years n clin’ical cntit.v variously described n.s subacute, chronic 
interstitial, or fibrous iiiicitnioiiin Iiils been recognized.An outstanding 
clmmcteristic of the condition is its subaeiite or ebronic clinical eoitrse. The 
onset may bo insidious, but in the majoril.v of cases I lie disease has liccn con¬ 
sidered a scriiicla to bronclioinieiiinonia, lobar pneumonia, pcisistcnt collapse 
following bronchial obstruction, or fluid aceiimulntions. Ilowovor, a definite 
statement concerning its origin ba,s often not been possible. In niij’ event, the 
end result is essentially the same, namely a chronic pneiimoniti,s. 

Only in recent years has surgical extirpation of inflammatory lesions of the 
lung provided specimens of early stages of chronic nontiiberciilous inflammatory 
disease. In the past iiaticnts nniietcd with this di.scasc either recovered or siie- 
ciunbed as a result of progression of the condition. The nutopsj' findings in 
such cases tend to be those of advanced stages of tiio Ie.sion. During tiie past 
low years a small group of cases which conform to a fairly distinct clinical 
pattern and which patliologicnily have shown a chnmctoristic chronic interstitial 
inllanimatorj' jiroccss has Iicon obseiwed. The lesion in these cases was oharactor- 
ised by marked fibrosis and unusual dc|)osils of cholesterol and cholesterol esters 
contained in large monouuclcnr cells. .tVlthough a similar histologic picture is 
sometimes .seen distal to broiicliinl ohstniction, or aioiind chronic abscesses and 
severely infected bronchiccta.sis, llicsc conditions have not heen jircsent in the 
gronp of cases reported here. The ctiologj- has not yet licen determined. Tlic 
descriptive term “clironic pneiipionitis, cholesterol tj'pc” is used to designate 
the condition. 

The cases of ten patients with tliis condition who have been treated by 
surgical resection make up the subject of this report. In nine a lobectomy was 
performed. In one n pnoumonoetomy was required. The case Iiistories and 
pathologic anatomy are presented in some detnR. Some of the cRnicol data are 
summarized in Table I. Niue of the ten patients were moles. The only female 
was a 12-year-old girl. The ages ranged up to 67 years. The disease was initi¬ 
ated by an acute respiratory infection in one-half the patients, and in the rc- 
uiamdcr the onset was insidious. None of those patients svns under observation' 
[^^_^iIas3aolmsett3 General Hospital during the initial stages of the disease, 
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but in five of them a diagnosis of pneumonia was made the family physician. 
Two patients who were said to have had pneumonia received penicillin. Two 
received some form of sulfonamide medication, and one received both tjTies of 
medication. None was greatly improved by such treatment and the condition 
settled into a chronic illness in all cases. Exacerbations and remissions of acute 
episodes characterized the course in the majority. 

The i^rmeipal chronic sjTnptoms were fever, cough, expectoration and oc¬ 
casional hemoptysis, pleuritic pain, and weight loss. The sjonptomatology was 
sometimes verj^ mild and one patient had no pulmonary symptoms. The dura¬ 
tion of sjonptoms varied from nine weeks to five years, but nine of the ten pa¬ 
tients had been ill one year or less. 

The findings on physical examination were usually consistent ■with con¬ 
solidation of a portion of the lung, but signs were sometimes aijsent. Roentgen- 
ray examination of the chest was helpful in tlie localization of the disease. A 
variable portion of the lung usually showed evidence of atelectasis or consolida¬ 
tion, and although the appearance sometimes suggested that of an inflanunatory 
process, the possiliilitj' of carcinoma could seldom be excluded "with any degi'ee 
of certainty on the basis of the roentgen-ray examination alone. 

Bronchoscopie examination usually showed no abnormality or at most in¬ 
flammation of the bronchial wall. Bronchograms on three patients were not 
helpful since the lipiodol failed to enter the bronchi in the involved segments 
of lung. The sputum was cultured in seven of the ten cases but no unusual 
organism was identified. Cjdologic examinations for neoiilastic cells in smeam 
of the sputum were made in two cases. The results Avere negative in both. The 
sputum Avas not examined for monocjTcs containing doubly refractiAm material. 
This procedure might proA'o to be useful Avhen performed in conjunction Avith a 
search for malignant cells in the sixitum. 

In six of the ten cases a preoperatiA^e diagnosis of carcinoma of the huig 
Avas made but at operation it was possible in each to recognize the inflamma- 
torj^ character of the disease. The density of the pleural adliesions was such as 
to suggest long-standing inflammation. Tlie inflammatory masses Avithin tlie 
parenchyma were firm and rubbery and it Avas not difficult to be certain that the 
majoritj’- of such masses Avere not made up of neoplastic tissue, although the 
possibility of similar inflammatory masses ocemring behind an obstructing 
neoplastic bronchial lesion had to be considered. In the majoiity of these cases 
there were large, firm chronically inflamed hilar lymph nodes. In two cases a 
biopsy of the inflammatorj^ mass in the lung and of the adjacent lymph nodes 
Avas performed and the failure to find neoplastic involvement indicated that 
what appeared at first to be a massive tumor Avith metastasis to the regiona 
lAunph nodes was, after all, only inflammation. Resections were then perfonne 
AAoth more confidence that a curative procedure A\ms being carried out. 

The technical difficulties in resection of this tjToe of disease cannot be ovei 
emphasized. In one case the indiAudual ligation teclinique was impossible e 
cause of inflanmiation about the hilum, and a tourniquet lobectomy had to e 
carried out. In addition to the inflammatory reaction about the hilus, in some 
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eases the plcurnl adhesions wci'C ot such dense and vascular character as to con¬ 
stitute a major technical dilTiculty. The duration o£ the disease had no relation¬ 
ship to the sevoritj" ot the pleural or hilar inflammatoi-r i-caction. 

The patients oKserved early in the series were given sulfadiazino both pro- 
and postoperatively and those observed later received ])DnicilUn. There were 
no postoperative complications. All these patients were completely relieved 
of their pulmonnrj- sj-niptoms and returned quickly to a normal state of health. 

CASH nm-oUTS 

Oise 1.—(ir. G. n. No. 578030) Ij. K., n O-O year oM jmper mill Korkor Tras in good 
hf^th until nine w«la> before ndmlMlon to the Mnnnnrhurcitr General Ho^pitnl. At tlint 
time, after a three-week prodromal jicriod of nintninr*. he ilereloped an noute febrile illneee 
chamctcnicd principally by gcnemllreil aeblng, fever, nnd nonproductive conpli. Ho was 
admitted to his community lioopitnl wbero be received iHirenternl penicillin and syniptorantic 
treatment. tVhito under Irentracnt ho bopnn to niioe iipproxiiiintoly onc-Imlf cupful of brown- 
bh, occniionnlly bloodetrenked Bpntnm dnily. ITo olio develo|ieil painful tnaptmtion localirod 
in tho right upper nnlerior elient. Doepito tlieso elmiigci ho improved and won dischnifted 
after seven days of hospltnllrntinn. Four weeks Inter tie nun lendruittcd to the hospital be- 
tmue ot pendstent eongh, expectomlion, nnd elient pain, nronchorcopy nnd bronchogmms 
'rare reported ns negnlivo. After Ion dnys’ obseriiilion a dmgniwis ot enreinomn of tlic 
long nni mndo nnd he rvns referreil to the Mnssneliu-etts (leneml llospitnl for further therapy. 
-At that time he Iiod lost twenty iiounds in weight, t'ougti, expeotorntion, nnd chest pain 
POTsisted to tho time of entry. 

Family history wns irrelemnt. At the ngo ot 7 yenra he hnd had pneuraonin without 
known seqaelnc. Twentymiglit years previourly he hod Inlloenin during tlio epidemic of 1919. 
Sorsnteen years before admission be worked for eigliteen nionllis in the digest room ot rv 
paper min, being exposed to ncld fumes. Daring tlio yenr procerling tbo present illness be 
had occasional shofp “pleurisy” pains in tlio right chest. There was no lilstory of exposure 
to tabcreulosls. Ho had not used oily nose drops. 

On namls.don tho nbuormnl physicnl Undlngs were slight, Iwing limited to the chest 
whore there wns increnseil vocal nnd toctilo fremilns over the upper aspect of the right cliest 
POtteriorly. The tcmi>ernluro was noniml. 

lalwretory data including white blood cell coont. dlfrerentinl leucocyte count, homo- 
globin, urinalysis, serum nonproloin nitrogen, protein, rblorido, cliolcsterol, nnd total fatty 
acids were norronl. Sputum cnltures grow a few nlplm boniolytic streptococci nnd ititphylo- 
olhei. No ncld-fnst bncllli could be found in smears of tho sputum. Cytologic exam¬ 
ination of n sputum smear for neoplnsttc celts was negative. 

Ketalned lipiodnl otiscnred dctnils on roentgcnogrnms rondo following ndmisslon. Earlier 
hlnu, however, showed nn nren ot increased density extending outward and upward from the 
hilara in the lower portion of the rigid upper lobe. 

On Jnno 25, 1047 , right upper nnd middle lobectomies wore performed. On opening 
*h» chest the long wns ndherent over the lesion only. There were numorons large soft lymph 
shout tho hllnm. Tho mass in tlie right upper lol)C wns discrete nnd rnbtery hnrd. 
^ro was only n partial fissure between tlio upper and middle lobes, nnd because of un- 
as to the limits'of tho lesion, tlio middle lobe was removed nlso. Tho postoperative 
'^tvalescenco was uneventful. Tho patient was dlscliarged elevea days foUowing operation 
"'ll has remained well during the past one nnd ono-linlf years. 

The pathologic diagnosis wns chronic pnoumonitU with nn 8 mm. nhscesa cavity. 

Qa^ 2.—-(^r. Q. n. No. 570J122) H. L. 0. wnn n 33-yeftr-old xroolcn mill worker. Five 
before aamlwlon to the Mnprochupetts Oeneml Hospital this patient was awakened from 

bj- a sharp pnhi in tho right lower diwt. This wns accompanied hy fever (102* to 103* 

■) and congh productive of modorato amounts of brownish sputum. Tho pain subsided after 
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four hours, but the cough and expectoration continued. His family physician began sulfcm- 
amide therapy. Forty-eight hours following the initial attack the patient had another bout 
of severe pain in the right lower chest lasting two hours. The pain was aggravated by deep 
breathing. Following this the pain was noticed only while the patient was coughing. After 
ten days the expectoration and cough diminished, but a fever ranging between 102° and 103° 
F. continued. Four weeks after onset he was admitted to a hospital where he received paren¬ 
teral penicillin. ATter five days of such therapy the temperature returned to normal. On 
April 11, 1947, he was transferred to the Massachusetts General Hospital. By that time he 
had lost forty-six pounds in weight. 

Systems review, past liistory, and family history were noncontributory. He had not 
been exposed to tuberculosis. He had not used oily nose drops. A tooth had been extracted 
under local anesthesia one month prior to the .present illness, but there was no history to 
suggest aspiration' of blood or foreign body. 

Abnormal physical findings were limited to the chest. There were dullness to percussion, 
diminished breath sounds, and diminished tactUe and vocal fremitus over the right lower 
chest. The diaphragm was high on the right side 'with limited excursion. 

On admission he had an irregular fever, varjdng between 99° and 103° F. The blood 
leucocyte count was 16,000 'with 85 per cent polj-morphonnclears, 12 per cent lymphocytes, 
2 per cent monocytes, and 1 per cent eosinopliils. Other laboratory data including red blood 
cell count, hemoglobin, serum nonprotein nitrogen, total protein, and chloride were 'within 
normal limits. The sputum culture yielded alpha hemolytic streptococci only. Sputum smears 
revealed no acid-fast bacilli. Cytologic examination of sputum smears for neoplastic cells 
was negative. 

X-ray studies showed what was thought to be a cystic or abscessed right middle lobe, 
pleural fluid, and partial collapse of the right upper and lower lobes. 

Thoracentesis revealed thin, foul-smelling pus in the right pleural cavity. Culture 
yielded Staphylococcus albus and Haemophilus influensae. On April 26, 1947, thoracotomy 
and drainage of a small empyema co'vity were performed. During the ensuing month the 
patient improved rapidly. He received penicillin parenterally throughout this period. The 
right upper and lower lobes re-expanded, but the middle lobe remained collapsed. Broncho¬ 
scopy at this time revealed a reddened, edematous right middle lobe bronchial orifice from 
which came considerable thin secretion. Bronchograms revealed normal right upper lobe 
bronchi and moderate dilatation of the right lower lobe bronchi. No lipiodol entered the 
right middle lobe bronchus. 

On June 2, 1947, seven weeks after entry, a right middle lobectomy was performed. The 
entire right pleural ca'vity was obliterated by thin adhesions. The ■visceral pleura was 
markedly thickened. The middle lobe was reduced in size and firm to palpation. The re¬ 
action over it was more marked than in the remaining lung. The hilum was involved in a 
dense inflammatory reaction of such extent that indi'vidual ligation of hilar structures 'was 
impossible. A right middle lobectomy was performed by the tourniquet technique. 

The postoperative convalescence was uneventful. The patient was discharged twe ve 
days following operation. He returned to work one month follo'wing discharge from the os 
pital and has remained well since. 

The pathologic diagnosis was chronic pneumonitis, cholesterol type. No abscess was 
foimd. 

Case 3.—M. G. H. No. 448275) J. N., a 42-year-old man, a schoolteacher, was well 
until four and one-half months before the present admission, when he developed chills, ever, 
cough, rust-colored sputum, and pain in the right upper chest. A diagnosis of pneumococcus 
(type 2) pneumonia was made. Ho spent five weeks in another' hospi^ and made an un 
eventful recovery. Sulfonamides were administered ■without any noticeable improvemen 
There was no history of his ha'ving used oily nose drops or sprays. 

Follo'wing discharge he remained well except for an occasional sbght cough and ^ ^ ^ 
slow return of strength. He gained ten pounds in weight. There was no fever, spu u , 
hemoptysis, or other evidence of continuing infection. Three weeks before admission o 
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lltasQchuiKjtts .Gonoral nospitol lua physician obtained a folloTT-up roentgen-ray film of the 
pfttient's cheft. This Bliowcd a persistent elmdon: in the right upper lung field. A broncho¬ 
scopy KBS performed and a biopsy of suspicious looking tissue vnxs obtained. The pathologic 
report vms "squnmons metaplasia.** 

At the time of admission to the Mnssachusetta General Hospital ho had no specific com- 
pUlnt except what ito called ^'nervous stomach.” This had developed when ho learned that 
hemlglit have scrloas dlseaso in hia lung. 

A Bj’stcmlc rovievr and past history vrero negative except that a tonsillectomy had been 
performed twenty years previously with an uneventful con\-alcsccnco. There was no history 
of eipofuro to tuberculosis. 

Physical examination was normal except for slight dullness to percussion and tubular 
breathing over tho right upper lung field. There were no rfllcs. 

Laboratory data including urinalysis, white and red blood cell counts, hemoglobin, 
wram Hinton, and nonprotcin nitrogen were within normal range. Roentgen-ray films of tho 
chest revealed partial collapse of tho right upper lobe, apparcotly in tho posterior medial 
wgracat. within tho area of collapse there appeanNl to bo several air-containlug areas such 
M are seen in consolidation of tho lung with an open bronchus. Tho right lower and middle 
lobes showed some compensatory ovcrcxpansioiu Tlie superior mr>lia8tinal structures were 
retracted toward tho right. Thcro were no evident hilar glands or pleural elTusion. Bronchlo- 
genic carcinoma wns considered tho most likely diagnosis. 

On Jlay 10, 1044, n right upper lobectomy was performed. Tho lower lobo was adbcrcat 
to the diaphragm but not elscwliore. The upper lobo 'vas closely adherent to tit© chest walL 
The density of the adhesions irnggostod tuberculosis. Tho poriplicry of the lobo was dissected 
free with some dtfllcuUy. Onco thU wns accomplished tliO operation proccodod without in¬ 
cident. Thor© were no enlarged lymph node© at tho hilum. 

Tlie postoperative convalescence wns uncventfol and the patient was discharged fourteen 
days after operation. Ho has remained in good licaltU since. 

The pfttliologic diagnosis was chronic pneumonitis and slight bronchiectasis. 

Case 4.— (M, G. H. Ko. 474130) G. H., a 66-ycar-old renl-eslato agent, wns in good 
health until four and ono-half months before admission to tlio Mnssnehusotts General Hos¬ 
pital At that time ho dorolopcd wlmt was bolloved to bo n severe upper respiratory infection. 
Two weeks later he began to cough up a moderate amount of rust-colorod, foul-smelling 
•patum. After two weeks tlds diminished and tho foiU odor and purulent character dis¬ 
appeared. Ho had frequent low-gmdo fover and night sweats. Oa two occasions there was 
itreaking of blood in the sputum. Ho hod ono twelve-hour oplsodo of right lower chest pain. 
Ha had lost fifteen pounds during tho four months preceding ndmission. There wns no history 
of exposure to tuberculosis. He had not used oily nose drops or sprays. 

Systems review and past Idstory wore irrelevant except for the fact that ho had passed 

urine during tho wedc prior to entry. 

HhyBlcal examination was entirely negative. 

laboratory data including white blood cell count, differential white blood cell count, 
l^globin, and serum Hinton were normoL Two sputum smears stained for ocid-fost bacIHi 

uegaUve. Urinalysis showed a few rod blood ceUs and white blood cells par hlgh-power 
field in a centrifuged specimen and 1 plus albuminuria. The sputum contained abundant 
‘^pba hemolytic streptococci and a few beta hemolytic streptococci 

Roentgenograms of the chest (Fig. 1, A and 5) revealed a sharply defined area of 
• density in the lateral segment of the right middle lobe within which was an area of 
l^faction which could have rcpro*ontod a small cavity. There was also a linear shadow of 
density overlying the loft third interspace anteriorly and laterally. A differential 
‘^^gaoslj of carcinoma, abscess, septic infarct, or tuberculosis was considered. Intravenous 
pyelography prompted bv the presomeo of red blood cells in the urine outlined a normal 
tract. 

Hronchoecopy revealed no abnormality. 



714 


THE JOURNAL OF THORACIC SURGERY 


A preoperative diagnosis of carcinoma of the lung was made and on Jam 4, 1945 a 
right middle lobectomy was performed. The lobe had the gross appearance of tumor, button 
palpation felt rather, soft. The pleura was adlierent peripherally and between the lobes. A 
biopsy and frozen section examination of suspicious tissue in the middle lobe revealed no 
evidence of malignant disease. 

The postoperative convalescence was uneventful. The patient was discharged from the 
hospital ten days follovring operation. Since his discharge he has had no further pulmonary 
symptoms except occasional slight cough productive of a small quantity of ‘' phlegm. ’ ’ 

The pathologic diagnosis was acute and chronic pneumonitis. 



A. B. 

Fig. 1, A and B (Case 4).—Posteroanterlor and right lateral roentgenograms of chest 


Case 5.—(M. G. H. No. 557172) S. D., a 32-year-old student, was well until four and 
three-fourths months before admission to the Massachusetts General Hospital when he de¬ 
veloped a respiratory infection, the most prominent feature of which was a hacking cougli 
productive of whitish-green sputum. Tliis continued without chills, fever, or chest pain imtil 
one month before admission. At that time he suddenly developed a sharp pain in the lower 
portion of the right side of the chest. Tlio pain was so severe that he was unable to fake a 
deep breath. A few hours later he developed a temperature of 102° F. At the same time the, 
cough began to produce a moderate amount of rusty-brown sputum. 

He was admitted to the college infirmary where, with the aid of roentgenograms of the 
chest, a diagnosis of pneumonia was made. He wns given parenteral penicillin and became 
afebrile and symptom-free after four days of such therapy. 

He continued to be asvmptomatic except for right lower chest pain on deep inspiration 
until two weeks later, when he experienced a bout of coughing and raised some mucoid sputuru. 
About the same time he developed a low-grade persistent fever. He was told that he ha 
a collapsed right lower lobe. 

Two weeks before admission to the Massachusetts General Hospital a bronchoscopj 
showed no abnormality except that there was white mucoid material exuding from tlie ng 
lower lobe bronchus. Pour days later he became more febrile and began to raise small quanti 
ties of purulent sputum. He had received penicillin Girough most of the illness. 

■ Systems review, past and family history were irrelevant except that his wife had chronic 
pulmonary tuberculosis. Oily nose drops or spray had not been used. 

Physical examination at the time of admission to the hospital was negative except or a 
slight decrease of expansion of the right chest, diminished breath sounds, and a prolongs lo 
of the expiratory phase of respiration over the_right lower chest posteriorly. 


WAnbEi.Li irr al.: ciiroxic rNKUaiONiTLs 
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_ Laboratory ilatn ineluding white blood cell count, difTorential white blood coll count, 
hemoglobin, totnl Bcrum protein, and wrura nonprotoln nitrogen wero normal. Urinalj-pifl 
WM normal except for slight albuminuria, an oDranionnl red bloo<l cell, and 5 white blood cells 
per liigh'power field in the sediment of a centrifuged speeimen. A single spntura specimen 
stained for acid-fast bacilli was negative. 

Roentgenograms of the .chest (Fig. 2, .*1 nnd /?) revealed an area of increased density 
in the medial segraent of tho right middle lobe. This nppcnrctl to bo against the pleura, with 
a rounded margin directed townnl tlic hilus. A nu»ro linear shadow ^ro8 in the apex of the 
right middle lobe. This extcndc<l to the jKJriphery and had a rounded margin. Tlicro was an 
area of emphysema in tho antorolntornl portion of the right lower lobe. The remainder of 
this lobe was rather markedly decreased in size. There wns t<light shift of tho mediaBtinum 
to the right. Lamlnagraphy of the right main bronchus showed apparent narrowing of this 
bronchus without definite evidence of a tumor mass. A prelimiunry diagnosis of chronic 
pneumonitis wns made, but the ollcrnatlvo diagnosis of carcinoma was considered. 

Bronchoscopy showed a slightly reildene<l mucosa nnd a small amount of gelatinous 
secretion coming from tho right middle nnd lower lol«^ hnnn ln. There wns no evidence of 
obstruction. 


2, A and Jt (Cano 5).—Poslcmonterior nnd riclit ohlJnue roentKenopraniB of cheaL 




On Jan. 3, 1047, a right middle Iol>oclomy wns porfomicd. On cxplomtion of the cliest 
ere was no fluid nnd no Qvideneo of pleural reaction except between tho parietal pleura and 
Jho adjacent surface of tho middle lobe wliero tho lenion lay. These adhesions were obvioualy 
^ammatorj* but were readily freed. The middle lobe contained a firm mass wliicb, however, 
d not feel sufflclently hard to be cliarnctorlstlc of carcinoma. The center appeared to be 
soft, suggesting the presence of a cavity. A right middle lobectomy was performed. 
10 patient^s convalescence was uneventful nnd he was discliarged fourteen days after opera¬ 
tion. He Ims remained well. 

The pathologic diagnosis was acute and chronic pnoumonitis. 

Oabi 6.—(IL G. H. No. 20490) L. C., a 32-ycnr-old man, a dry cleaner, had no com- 
tmtll nine months before admission when he developed a ^'pressure sensation" in the 
oatorioT portion of the chosL He consulted hia family physician who obtained roent- 
S^ograms of the chest and gave inm medicine which produced some relief. Four months 
the initial symptoms he developed a cough productive of small amounts of whitish 
“putum. A.t about the same time ho began to have frequent night sweets. He lost ten 
lo weight. There was no fever, liemoptysis, wheeling, dyspnea, or known exposure 

Qoercolosls. Ho received no special therapy. He had not used oily nose drops or .sprays, 
past history and systems review were noncontributory. 
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Abnormal physical signs were confined to the chest where there w6re inspiratory rfiles 
and diminished breath sounds over the left scapular region posteriorly. 

The white blood cell count was 13,100. The differential white cell and red blood cell 
counts and hemoglobin were normal. The red blood cells were moderately hypochromic and 
slightly microcytic. The platelets were increased in number. Urinalysis, serum Hinton, 
serum protein, and nonprotein nitrogen were normal. 

Eoentgenograms of the chest (Fig. 3, A and JB) revealed an area of increased density 
extending from the left hilum do'wnward, anteriorly and laterally in the region of the lingula 
The left hilum was prominent and fluoroscopicaUy masses were thought to be present within 
it. A roentgenologic diagnosis of carcinoma was made. 

Bronchoscopy revealed only bronchitis on the left. No tumor was seen. 



Fig. 3, A and B 


A. B. 

(Case 6).—Posteroanterlor and left lateral roentgenograms of chest 


On June 5, 1045, a left upper lobectomy was performed. The preoperative diagnosis 
was carcinoma. There were extensive adhesions between the lung and the chest wall. In the 
medial portion of the lingula there was an indurated mass which was densely adherent to the 
anterior chest wall. In the liilum of the lung there were several large soft lymph nodes. 
The tumor mass in the lung felt very much like carcinoma. A biopsy of the involved area, 
however, showed no evidence of malignant tumor. A lobectomy was performed. 

The patient’s convalescence was uneventful and he was discharged twelve days foUowmg 
operation. Eecent examination revealed no evidence of abnormality and the patient has con 
tinned to work daily since his return home. 

The pathologic diagnosis was acute and chronic pneumonitis. 


Case 7.—(iff. G. H. No. 484001) M. B., a 12-year-old girl, was admitted to the Mas^- 
chusetts General Hospital on April 5, 1945, complaining of a productive cough of eig 
months’ duration. She was in good health untU eight months before admission when ® 
developed a cough initiated by a ^Hickling sensatioii^’ in the throat. This was thoug t 
be a “ summer cold. ’ ’ The cough soon became productive of small quantities of white mncoi 
sputum and shortly thereafter she began to complain of chronic fatigue. She did not gai“ 
weight at the usual rate. There were occasional brief periods of remission. 

Two months before admission the cough became somewhat more severe and there we 
occasional paroxysms.- There was no history of foreign body aspiration. 


\VAf)bEfii KT Ah.: CHRONIC PN^EliMONiTIS 
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S)itcms rcvlow and past history ^\T^o noncontribatory. 

Physicfll cinminntiou showed tlmt the right diaphragm was elevated and moved only 
ilighlly. Tliero were sliglit dullness and suppression of breath sounds over the right anterior 
lower chest, 

.The white blood cell, red blood cell, ond differential counts were normoL There was 
12.S Qm. p«r cent of hemoglobin. Sputum ami gastric washings were negative for tubercle 
bacilli The sputum culture ylcldcnl abundant alpha hcniolytio streptococci and occasional 
beta hemolytic streptococci. 

Boentgenograms of the chest showed an extensive density occupying the region of the 
right middle nnd lower lobes. The right diaphragm was obliterated by the density in the 
right lower lung field. No diaphragmatic motion was seen flooroscoplcally. Tho findings 
were considered indicative of collapse of tho right lower and middle lobes. 

Skia tuberculin sensitivity (O. T.) was negative in dilutions through 1:100. Tho blood 
sedimentation rate was twice tho normal. 

Bronchoscopy showed evidence of chronic bronchitw of the right middle and lower lobes. 
,0a June 22, 1045, a right total pncumonectom}' was performed. Prooperativoly, the 
niost likely diagnosis was belioved to bo chronic pneumonitis, with long abscess as a second 
possibility. There were very dense nnd vascular pleural adhesions between the lower and 
talddlo iobes, the chest wall, tho diaphragm, nnd the pericardium. Tlio inflammatory process 
involved the entire middle lobe and the adjacent portions of tlio upper and lower lobes. A 
pneumonectomy vras necessary for complete extirpation of the diNoase, 

The postoperative con\TUosccnco was uneventful and the patient was discharged fourteen 
ds}"* after operation. Since operation she has hud dyspocn on exertion and occasional bouts 
of nooprodnctlvo coughing attributed to mediastinal shift. 

The pathologic diagnosis was chronic pneumonitis. 

Case 8.—(M. G. II, No. 470300) J. C., a C7yenr-old blcochery worker, entered the 
^lattaehusetts Geaerta Hospital on Feb. 15, 1940, with a diagnosis of carcinoma of the lung. 

year before admission he began to lose weight and in tho ensning six months lost siAy 
P^tinda. Sovon months before admission ho had spent six weeks in his community hospital 
»hoTe he was treated for virus pnooroonia.’* Bulfonamido therapy for sovoral weeks did 
alter the course of the disease. At tho end of this hospitnlkation he was discharged with 
R diagnosis of unresolved pneumonia. Follo^ving disclmrgo he developed a cough productive 
of one cupful of brown, noaodorous sputum daily. However, ho felt well and continued his 
work. At no time did ho have chills, fever, night sweats, or hemoptysis. There was 
Do hiftory of exposure to tuberculosis. He had not used oUy nore drops or sprays. 

Sj'stems review nnd past history wore noncontributory. 

Bhyrieal examination rovcalod a clironlcally ill man showing evidence of considerable 
weight loss. The tongue was smooth nnd red. There was moderate clubbing of the fingers, 
teeth were carlouji. Movements of tho thoracic cage were limited on the right. There was 
la area of dollness and suppressed breath sounds over the right mid-lung field posteriorly. 
There were post-tussio rides over botli upper lobes. 

■ UrinalyHis was normal. The white blood coll count was 9,600. There was 11 Gm. per 
«Dt of hemoglobin. Total sorura protein, serum nonprotein nitrogen, serum chloride, and 
PTothrombin time were normnh 

Roentgenogram of the chest showed dccrenso in tho sire of the right lower lobe and a 
homogeneous density in the dorsal division, with linear strands of Increased density in the 
lower portion. The right hilus was somewliat enlarged and low in position. The findings 
^ero considered suggestive of carcinoma of the right lower lobe bronchus. 

Bronchoscopy was entirely negative. 

On March 2, 1946, a right lower lobectomy was performed. The preoporative diagnosis 
carcinoma of the lung. The right lung was densely adherent everywhere, especially over 
tte lower lobe wbicb was shrunken and partly collapsed. There was a small empyema cavity 
P'^orly, flald from which on culture yielded Fricdl&ndcr's baemus. The inflammatory 
of the process was ascertained and a right lower lobectomy was performed. 
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The postoperative convalescence was uneventful and the patient was discharged twelve 
days after operation. 

The pathologic diagpiosis was chronic pneumonitis. 

Case 9.—(M. G. H. No. 553955) M. H., a 57-year-old man, an accountant, was well 
until one year before admission when he began to feel “slightly imder par.” This continued 
and although he had no specific complaint, he was aware of a gradual decline in health. 

Two months before admission to the Massachusetts General Hospital he had a brief 
episode of right upper chest pain associated with paroxj'sms of coughing productive of small 
amounts of yellow sputum which was occasionally malodorous. On three different occasions 
he raised approximately one-fourth cupful of blood. He experienced infrequent episodes of 
sweating. There was a low-grade fever. His appetite remained fairly good, but he lost 
fifteen poimds of weight during the two months before admission. He received no specific 
therapy. He had not used oily nose drops or sprays. 

The past history and systems review were irrelevant. 

At the time of entry to the hospital physical examination revealed no abnormality ex¬ 
cept for a low-grade fever and the findings in the chest. Anteriorly over the right upper 
chest there were hyperresonance with slightly amphoric breath sounds and increased whispered 
voice. Posteriorly in a localized area over the right scapula there were slight dullness to 
percussion, fine to medium rfiles, increased and harsh whispered voice sounds, amphoric breath 
sounds, and increased tactile fremitus. 



The white blood cell coimt on entry was 16,400, with a normal differential count. The 
sputum culture revealed only alpha hemolytic streptococcus. No acid-fast bacilli were 
in a single smear of the sputum. The prothrombin time was twenty-one seconds as compare 
with a normal of fourteen seconds. Urinalysis and serum Hinton were normal. 

Eoentgenograms of the chest (Fig. 4, A and B) showed a hazy mottled density throng 
out the right upper lobe which was moderately collapsed. The right hilus was elevated an 
there was a suggestion of a mass in it. The lung fields were otherwise clear. The appear 
ance was considered to be consistent with that of carcinoma of the right upper lobe. 

No tumor could be visualized by bronchoscopy, but removal of a mucous plug 
right upper lobe bronchus was followed by drainage of a considerable amount of bloo y pns^ 
While awaiting operation he was given intramuscular penicillin, which pro uce 
prompt subsidence of the fever. 
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On !>«:. 7, 1940, a rlglit upper lobectomy was porfornicd. The preopemtivo diagnosis 
waj carcinoma of tlio long. Tlio upper lobo was adherent. The adhesions were of a subacute 
nature and could for the most part bo readily separated by blunt dissection, leaving rather 
rascular oozing surfneos. Thcro were enlarged lymph nodes in tho hilum which were in- 
flammatory in nature and thcro was nothing whatever to suggest carcinoma. It was, tliercfore, 
decided to perform a lobectomy only. 

Tho patient’s convalcscenco was uneventful and he was discharged thirteen days follow* 
ing operation. He has remained well since leaving the hospital. 

The pattiologlc diagnosis was aenfo and chronic pneumonitis. 

Case 10.—(XL Q. n. No. 1S9905) IE. S., a 3C-year-old man, a woolen mill worker, was 
well until five years before his first admission to tho Massachusetts Goncml Hospital, when he 
crperieccod tho rather sudden onset of pain in tho left lower chest. This persisted for a few 
weeks and gradnally disappeared. Tho pain wns nggrat-atcU by inspiration and ho manifested 
a slight fever, Boontgenograms of tho chest phowe<l an area of hazy density at th© base of 
the left long obscuring the outline of the diaphragm and the apex of tho heart. Tho appear- 
sneo was that of an area of consolidation. Ho wns treated for “pleurisy" by tho application 
of a chest binder and rest. 

He remained In good general liealth but complained of frequent “pleurisy pains" during 
the winter months. Two years following tho initial episode he had another similar attack. 
Bocatgtnograms of tho chest demonstrated n small triangular area of density at the base of 
th« left long. In tho lateral view tho costoplirenic angle was obliterated by a small quantity 
of fluid. Tho findings were considered consistent with those of on infarct. 



A. *0. 

fi. A and B (Case 10).—Posleroantorior and left lateral roentcenofframa of chasL 

la March, 1944, he experienced a third attack of sudden loft lower chest pain which 
^ awodated with slight cough, sputum, and fever. He vma admitted to the hospital for 
“0 first time. 

Post history, systems review, and famay history were noncontributory. Thor© was no 
loM. He had used small quantities of oily nose spray off and on during the year 
preceding admission. 

. Physical examination was negative except for tho cheot In the left lower chest laterally 
^ ■were slight dullnoes, decreased tactile fremitus, dimlaished breath sounds, and abnormal 
fremitus. On admission no rftlos or friction mb were heard, bat later both aigns were 
rred. The temperature on entry was 100* F. 

white blood cell count was 19,600. The sputum culture showed typo 29 pneumo- 
Four sputum specimmis were negative for acid-fast bacilli. tTrinalysis, prothrombin 
clotting time, clot retraction, sedimentation rate, and serum Hinton were normal 
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Eoentgenograms of the chest (Pig. 5, A and B) demonstrated an area of increased 
density measuring 5 cm. in diameter occupying the left costophrenic sinus. The appearance 
was considered characteristic of an infarct. It was similar to that seen five years previously. 

The patient was treated by bed rest and recovered in tu’o weeks. The white blood cell 
count fell to 10,000 and the temperature was normal from the fourth hospital day on. 

Eoentgenograms of the chest taken two weeks following discharge from the hospital 
showed slight clearing of the process in the left lower lobe, although not enough to consider 
it the healing of an infarct. Lipiodol bronchograms obtained one month later revealed no 
positive evidence of bronchiectasis, but there was apparent obstruction of the terminal 
bronchi e.vtending into the consolidated area. 

The patient was readmitted to the hospital having had no further difficulty except that 
he had continued to raise one-fourth to one-half cupful of nonodorous yellow sputum daily. 
A preEminary diagnosis of broncliiectasis was made and a left lower lobectomy was per¬ 
formed on June 8, 1944. There were dense vascular adhesions between the lower lobe and the 
chest wall and especially the diaphragm. Marked inflammatory reaction and enlarged lymph 
nodes about the hilum complicated the dissection, but it was possible to deal with hilar 
structures individually in the usual manner. 

The postoperative convalescence was uneventful and he was discharged thirteen days 
following operation. He has remained in good health since the operation. 

The pathologic diagnosis was chronic pneumonitis. 

DISCUSSION 

Pulmonary reseetious for suppurative, neoplastic, and tuberculous disease 
have been performed ivith increasing frequency during recent years. There are 
relatively fetv references in the literature, however, which deal with chronic 
pneumonitis as a surgical problem. The most important contribution to the 
subject which has come to our attention is that of Preedlander and Wolpaw® 
who stressed the impoitance of the condition in the differential diagnosis of 
eases where carcinoma of the lung must be excluded. They very properly ad¬ 
vocated early exploratory operation and the performance of a biopsy at the 
operating table. 

Adams® recently reported briefly on ten cases apparently sunilar to ours 
both clinically and pathologically in which treatment was by surgery; five by 
lobectomy, two by pneimioueetomy, two by drainage, and one in which only 
biopsj’- was done. 

Thomas and Rienhoff,^® Clagett and McDonald,^’^ and Brorni and Biskind^ 
have each reported single cases in which resections were performed for chronic 
lipoid pneumonitis. Two of these cases simulated tiunors and the other was 
associated with bronchiectasis. Clinically their cases were somewhat like onre, 
but aspirated oil has been excluded as an etiological agent in the present senes 
by history and histochemieal examination of the tissues. 

The principal importance of chronic pneumonitis of the type described is 
that it may be confused with carcinoma of the lung. It has long been obvious 
that unless patients with pulmonary carcinoma can be operated upon in an ^ 
phase of the disease, the ultimate prognosis is dismal. In fact, if one ee 
obliged to wait until the diagnosis is proved by biopsy or is thoroughly o vious 
by roentgen-ray examination, the likeliliood of effecting cures in very many cases 
is exceedingly slight. If progress is to be made in the management of carcmoina 
of the lung, therefore, an increased utilization of exploratory thoracotomy mus 
be made in many doubtful cases. 
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On Ihc otlicr Imiid, nt oxploi-nlion llie dilTcrentiution between neoplnstic 
and dironic infinmmntory disenso may bo didlcuU. Under sucli circumstances it 
is justifiable and ncccssarj' to perform frozen section biopsj’ examinations upon 
rcfrional lymph nodes or aclunlly upon pieces of lung rcmovccl from the suspi¬ 
cious area itself. Tliia can Ire done with i-oinlive .safety. As sliown in two of tlic 
ten eases reported, this makes it possible to limit the operative procedure witli 
more confidence to lolieetomy instead of pneumonectomy. It Ls obvioas, Iiowever, 
that a negative biopsy does not exclude enreinonm, for an infinmmntory process 
similar to this ma.v occur di.stnl to a malignant lasion when there is bronchial 
obstruction. We have been unable to fonnulatc nn.v clear-eut criteria b.v which 
a differential diagnosis between ehronie pnemnonitis of Ihc tyjre deserilred here 
and hronchiogcnic carcinoma can Ire made preopcmtivcly. Tlie liLstorj- com¬ 
bined with negative bronchoscopy and negative cytologic examination for neo¬ 
plastic cells seem the most hcliiful factors in arriving nt a correct diagnosis. 

The ultimate fate of segments of Ihc lung in which this t\'|re of chronic 
pneumonitis is seen remains .somewhat tmcerlain. There is reason to believe, 
however, that e.xaccrbatioirs of acute pneumonitis, nb.scess formation, and ulti¬ 
mately the development of bronchiectasis ma.v result. Surgical extirpation of 
these areas is therefore advisable when it becomes.obvious that the condition has 
become chronic and irrovcrsihlc. If a careful stnd.v of tlic lesion is made at 
the operating table, a correct diagnosis can asuall.v bo made, the proper opera¬ 
tion performed, and the patient thus safeguarded against subsequent symptoms 
and disease. 

I'ATttOLOOIC ASPECTS 

In the beginning when ord.v a few of these patients had been studied, the 
peculiarities of the condition rrnder discussion were not fully appireeiated. Our 
, attention was conccntnitcrl on the eradication of jircsumcd malignant disease 
of.the long, and the finding of a chronic jinoumouia afforded a pleasing loliof. 
-^t that time the comparativel.v early, more colorful phases of the jirocess had 
not been encountered and the unusual features embodied in this pneumonia 
U'ero not immediately apparent to us. With the acquisition of more matenal 
the changes in the pulmonary tissue could be arranged in seqnence, but as no 
patient was snbjeeted to operation less than two and one-half months after the 
ooset of the pneumonia, only the late phases of the disease were olisorvod. 
During this time the lung apiieared to be occupied in disiresing of a foreign sub- 
*^nee, an olfort repeatedly hampered b.v bacterial invasion. Tlio nature but 
not the genesis of the foreign substance was dcteniiined during the study. 

The gross and microscopic changes found in the lungs of the varions pa¬ 
tients wore essentially similar, but different stage.s in the evolution of the process 
"■ore encountered. It must he emphasiicd that one could not anticipate the 
condition of the lung from the apparent duration of the patient’s iUness. At 
tunes advanced pulmonary scarring had taken place a few months after the onset 
of definite symptoms. 
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The affected lobe was always decreased in volume. Fibrous adhesions of 
varying density were scattered over all the pleural surfaces and they were con¬ 
centrated at the site of the underlying lesion, residting in an appreciable thick¬ 
ening of the pleura at that point. The bronchial lymph nodes included with the 
specimens were several times the usual size and distinctlj'- firmer than normal. 



Fig. 6 (Case 2).—Complete consolidation of the 
cut surface of the parenchj-ma "sras Intensely yellow, 
thickened septa. 


ddle lobe without t>'’onchiecte^- 
he secondarj' lobules are outunea 


On section it was foimd that the pneumonic process had usually mvo ve 
the entire lobe or the major portion of it. When the entire lobe was not ease ^ 
the area of consolidation seemed to fan out from the hilum to assume a p^ami 
shape with the base at the pleural surface. At least one pleural su 
always involved, and although the interlobar fissui’es were often oblitera e . 
fibrous adhesions, the pneumonia had not penetrated the pleural mem 
to involve an adjacent lobe except in Case 8, in which a 
performed. The specimen showed involvement of the entire mid e ® ® 
extension of the process into adjacent areas of the adherent upper an 

lobes. 
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Tho cut surfaces of tlic lobes varied considerably in dilTeront patients. In 
fho comparatively early stages of the process the most arresting as])ect of the 
gross appeamuee was the intense yellow color of the diseased parenchyma. On 
closer inspection it was evident that this color was imjiarled by closely appro-ri- 
mated, minute yellow dots (Fig. C). As the pulmonary septa were thickened, 
glistening, and somewhat translucent, the secondary lobules of tho lung were 
traced out in sharp definition. The priniaiw lobules were often just discernible. 



7 10).—The iol« hfla been sectioned and Inid open to dcmonBtmte the late stule of 

the chronic pneunionlttn chorncterixed by flbroxli and patchy emphysema. 

wdicating that the air spaces were not entirely obliterated. In the more ad- 
^Mced stages of tho pneumonia the gross appearance was that of an increasing 
hbrosis of the Inng. The intense yellow color had faded and was replaced by 
& background of gray filirous tissue lightly flocked with golden yeUow dots that 
y®ro Bometinics segregated in areas of varjdng size throughout the.lohe. Local- 
^ areas of emphysema were sometimes present in the flbrosed parenchyma 
7). 
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No obstructing lesion was ever found in the bronchial tree. The walls of 
the large bronclii were appreciably thickened and the mucosa was often red and 
granular, with prominent circumferential ridges ; only borderline dilatation of 
the large bronchi was present in a small minority of the specimens. Somethnes 
a mucoid material was Ijdng in the lumens. In the small bronchi with an ap¬ 
proximate inside diameter of 1 to 2 mm. there was occasionally a marked dila¬ 
tation of the lumen to 4 or 5 mm. This change was not uniform but occurred 
here and there throughout the area of pneumonitis and was accompanied by 
thinning of the bronchial wall and obvious destruction of its substance. The 
lumen at this point usually contained inspissated mueopuimlent material. In 
four cases a small abscess with ragged ill-defined walls had formed in tlie lobe. 
These abscesses were never more than 1.5 cm. in diameter and they appeared 
to have originated from the destruction of a small bronchus and as a result of 
secondary infection. 
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Fig. 8 (Case 8).—HemIsecUon of the right lower lobe showing the shaw d^nitlon of the 
chronic pneumonia which fans out from the hllus and Involves the pleura. 


The border of the pneumonia, where it did not abut the pleura, was n- 
regular but quite clearly defined and tlie surrounding pareuchjmia was em 
physematous (Fig. 8). 


Microscopic examination of the ten lobes showed a chronic pneiunonitis m 
which the end result ivas an extensive fibrosis of the involved segments. Ir 
many of the specimens one could trace the gamut of changes from their inception 
to the replacement of the frmctional respiratory tissues by fibrous tissue. ^ 
lobes of patients with sjTnptoms of long duration usuallj" showed the more a 
vanced stages of the process, but the pictiu’e was duplicated in a few mdi^ddua s 
who had been ill for only a few months. 

The earliest change detected in the iiarenchyma consisted of a flooding o 
the primary lobules by a great number of large mononuclear cells. The cjno 
plasm of the majority of these cells was occupied by fine droplets so that on y a 
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mesli or liglilly eosinopliilic crto))lnsm remained (]'’ig. 9 ). Occasionally the 
foamy cells asstiined giant ])ro])orlions and manj- nuclei were included in their 
snljstanee (Fig. 18 ). Other large nionucytcs wore not vacuolated, and of these 
a few contained cellular debris or a deep Ian pigment, only a small portion of 
which gave a positive reaction for iron. The influx of these cells into the pri- 
marj’ lobules ivas accouipanicd or followed closely by an inflammatorj’ reaction 
in the interstitial tissue. The inflainmntory reaction was ushered in b}' the 
appearance of edema, hanphocytes, and plasma cells in the peribronchial and 
perivascular tissue aud, to a leaser extent, in the interlobular septa. These 
changes sub.soqnently involved the alveolar walls and at this time the septal cells 



0.—FlooainE: of the nlr apnecs by vacoolntcl nionocytcs witli tho occompanylna fntcr. 
Btltfal pneumonin. 


of the alveoli had become greatly swollen and cuhoidal (Fig. 10 ). The “ei)i- 
thclizatiou” of tho alveoli appeared to begin in tho air sacs that abutted the 
interlobar septa, the 1)10111^, and perivascular and poribronclunl tissue, and 
gradually involved tho i-emainder of the primniT lobule. The alveolar lining 
rolls were not vacuolated and often appeared to Ire desquamating into tho air 
spaces. If they are tho forenmuers of tlie iutra-alveolnr foam cells, tlie vacuoln- 
bon must take place after the cell lias fi'cod itself and is l.viug within tho air 
^e. The exudate witlnn tho alveoli, the alveolar duets, and tire i-espiratory 
oronchioles was now composed of large iiionocj-tes and a few IjTnphoej-tes, plasma 
rolls, and ncutrophiles; no fibrin and very little gramdar precipitate wcx'c 
present, and the neutrophUes were never vacuolated. At this juncture many 
aggregates of maturo lymphocytes had formed in tho interstitial tissues and 





- 1 -*- --- air spaces’' 

Fig. ll.-Aggresate^of 
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budded into the nir spaces, but were covered bj- an unbinken line of swollen 
septal cells (Fig. 11). 

The next histologic feature of the chronic pneumonitis iras the appcaranco 
and accumulation of the vacuolated macrocytes mthin the alveolar walls. The 
ccUs collected in such large numbers that the alveolar spaces were gradually 
obliterated and the primarj* lobules were reduced to tho respiratorj' bronchioles 
and their branching alveolar duets (Fig. 12). Oceasioimlly large masses of 
foam cells obliterated tlio entire areliilceturc of tho lobule. In tbe presence of 
the chronic iuHammatory reaction and the foam cells in the alveolar walls, a 



wfffii .F —Obliteration or tho alveoli by tho arcumnlnllpn ot vmnjoJflIed njncrcplmres 

? alveolar walla. The rcaplrator>- bronclilolea and alveolar ducta are not obliterated, 
coniatn macrophncoj». A tcrmlnnl bronclilolo ta pofn on the right 


**tioulnm netwoilc was laid dotvn which cnclosod individual foam cells (Fig. 13). 
^tor in tlio process collagen fibrils were deposited and tlio foam cells gradually 
oMroased (Fig. 14 ), At this time vacuoles could bo found in colls resembling 
broblasts. By tills moans tho alveolar ducts were separated by broad bands of 
Shagen that bad replaced the foam cells, wliicb in tlic beginning had obliterated 
*hc alveoli (Pig. 15 ). Often tbe alveolar ducts wore isolated and eliokcd olf by 
Ibe collagen (Pig. IG). 

At the time when tho interstitial tissue ivna fiooded ivith foam colls and 
“for when tho interstitial eoUngen had increased, tlio foam cells were gradually 
“Mred from the alveolar duets. Tho obvious inference is that tlio foam cells 
Migrated into the alveolar walls. However, many of them may have been cleared 
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frirr 13._Silver Impregnation to show the fine reticulum fibrils enclosing Individual macrophages 

“■ within the alveolar walls. 
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Wf, ppfy^pj. jobulo; tho dilat*'*! terminal and rtuplrfttor>- bronchioles and 

nlvcolnr ducts still remain. 



t* 1®*—Isolation of tho alveolar ducts by Interstitial collapen. The ducts ere lined by STrolten 
Beptal cells but contain comparath'ely few vactiolated macrophages. 
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from the air spaces by incorporation in the sputnm. Organization of the al¬ 
veolar esndate did not take place except in the presence of what was presumably 
a secondary infection of the lobe. Duiing the course of events the mild in¬ 
flammatory reaction in the overlying pleura and in the interlobar septa gradually 
subsided, leaving these structures thickened and scarred. 

The large bronchi tliroughout the area of pneumonitis often, hut not always, 
showed a mild to severe infiltration by lymphoejdes, plasma cells, and a few 
neutrophiles. Zones of squamous metaplasia and destruction of the wall were 
present hut were not numerous and usually the epithelium was intact (Fig. 17). 
These changes were often present in the bronchioles, and at the end stage when 
flbrosis of the surrounding parenchyma had taken place, the terminations of 



Pig:. 17.—^Acute and chronic bronchitis with ulceration. 


the bi’onehi were greatly dilated (Fig. 15). Secondary infection of the bronchi 
seemed to be a fairly common event and consequently an acute punilent bron¬ 
chitis was frequently supei’imposed upon the chronic process. In the presence 
of an acute reaction, necrotizing bronchiolitis was more frequent and, apparently 
because of this destnietion, small abscesses had formed in the parenchyma of 
four of the specimens. Bacterial stains showed only very occasional gram-posi¬ 
tive rods and cocci; unfortimately no cultures were taken from the lobes. 

The histologic changes in the lungs appeared to center around the presence 
of the foam-filled monocytes or, perhaps more properly, around the substance 
within these cells. The origin of the monocytes in the alveolar spaces and walls 
may or may not stem from the septal cells which formed an imbroken lining for 
the alveoli and alveolar ducts. In experimental pneumonias of a somewhat simi¬ 
lar character Eoss^® believes that the intra-alveolar phagocytes originate from 
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the connective tissue mncroplmgcs ot tlio alveolar wails and that the cells lining 
the alveoli are not phagoevdie. Various other opinions regarding the septal 
cells have been put fonvaitl by ninny authors.’* In paraffin sections the sub¬ 
stance in the monocytes was present in the form of fine vacuoles of uniform size 
(Fig. 18). The vacuoles lilled and distended the cytoplasm of the colls and were 
sharply outlined by a delicate rim of lightly eosinophilic cytoplasm. The nuclei 
wore small, deeply basophilic, and occupied the center of the cell or a somewhat 
eccentric position. They were never flattened against the cytoplasm membrane 
as in a fat celL In brief, the monocytes were similar to xanthoma cells. The 
substances within the monocytes were believed to be largely cholesterol and 



cells of tho alveolar exadntc. The crtoploemlo vnevolea aro nncly ClvlfleC ana of 
onlfomi 85*0, Several largo niuUinaclentod cells aro present. 


cholesterol esters for the following reasons. The intracellular material was in- 
sudanophilic and doubly' refractile, and with both those technics fine 
'tystelline needles were found to bo pack^ within the cytoplasm. Digitonin 
Precipifation served to emphasize these qualities and in certain areas the ma- 
^rial no longer dissolved Sudan but remained doubly refractile, which was ovi- 
™nce that at that point no cholesterol esters were present (Fig. 19). Generally 
‘^(^'’Wiig, however, cholesterol and its esters wore presumably too intimately 
®ttcd to allow a differentiation between them. The Schultz reaction for cholos- 
lerol and cholesterol esters wms strongly positive. 

Ohemical analysis of tissue taken from grossly yellow areas of Inng (fixed 
™ lormalin) in Cases 4 and 10 gave extremely high values for cholesterol and 
•^lesterol esters. In Case 10 the cholesterol was twelve times and the cholesterol 
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ester eighteen times the normal. In Case 4 the cholesterol was twenty-nine times" 
and the cholesterol ester ninety times the normal. Normal values expressed in 
milligrams per gram of wet tissue (fi-esh) were, cholesterol 0.3 and cholesterol 
ester 0.1. 

The position of the extra-alveolar lipoid-containing cells is of some interest 
in regard to the lymphatic drainage of the lung. The cells occupied the walls 
of the alveoH and alveolar duets and were soon surrounded by a network of 
I’eticulum fibrils and later by collagen fibers. Although the lymphatics of the 
lung are presumed to extend to the distal end of the alveolar duets,no foam 
cells were found in the lymphatic channels in any of the’specimens. Open un¬ 
obstructed lymph vessels containing a granular precipitate were identified in 
the bronchial walls, perivaseitlar tissues, interlobular septa, and pleura. Fur¬ 
thermore, no foam cells were found in the bronchopitlmonary lymph nodes, 
which were sometimes quite large but showed merely a nonspecific chronic 
lymphadenitis. Presumably, therefore, the macrophages were not removed from 
the lung by the lymphatic system. 



Fig 19.—Doubly refractile material outlining the alveolar ivalls (dlgltonln precipitation). 

No vascular abnormalities were detected in the diseased parenchyma except 
in the later stages when perivaseitlar fibrosis and endarteritic thickening became 
evident. 

In brief, the condition imder discussion is a chronic interstitial pneumomtis 
in association with large numbers of mononuclear cells containing cholestero 
and cholesterol esters. The source of the cholesterol is not apparent. A type 
of pneumonia that is similar to this condition even in detail is encountered no 
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infrequently in tlio presence y£ l)roiicliinl obstruction from whatever cause. 
The frequency of this pnrenchymnl change distal to stonosing lesions of tlic 
hronelms was pointed out to us by Dr. Robert IGopstoek. A Inopsy and frozen 
section of the porijiheral portion of the lobe at operation is therefore of un¬ 
certain value to the surgeon in deciding his eouiae of action, since the micro¬ 
scopic changes in the lung may bo the result of broncliial stenosis due to such 
conditions os carcinoma or bronchial adenoma. In otiicr chronic lung diseases 
inch ns bronchicctn.si3, lung nUscass, and tuberculosis, small areas of “cholesterol 
pneumonitis” are sometimes found and are easily identified in the gross by the 
.vcllow stippling of the parcncln-ma. 



a*PlrnUon nneumonlo. Koto tho MirloUon In «lio or Uio noremn oil droplet; 
to torra lareo globulco. Tlio air upacc I" on alveolar duct one the olvooll 
oWltoratcd by Uio nccumulollon of oll-oontalnlns phasocytoo odthln tho nlyoolar 
ooa The nuclei of the pliacocytes have boen compreaaed affalnet the cytoplaamtc membrane. 


The tissue changes in this lesion differ from those seen in resolving and 
^nizing pneumonia following invasion by the pncnmococcus or mixed bacteria, 
the mononuclear phagocytes of a re,solving puoumonin often contain fine sudano- 
Philio globules hut very few of them arc doubly rofrnetile. Organization of the 
mtra-alveolar exudate did not take place in tliis chronic pneumonitis in the ab- 
a superimposed acute pnenmonilis. A striking similarity exists between 
me tissue reactions in eholcstorol pneumonitis and in the pneumonia duo to the 
“spiretion of paraffin oil.t*-“ Preiman” has given us an opportunity of stndy- 
P'B his cases of lipoid aspiration pneumonia and although the two conditions 
separated at a glance, in both, the position of the macrophages and the 
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interstitial reaction are the same. In paraffin oil pneumonia the size of the 
intracellular droplets is extremely irregular due to coalescence of the globules, 
and the nucleus of the host cell is flattened against the cytoplasmic membrane. 
Phirthermore, paraffin oil is not doubly refraetile nor as intensely sudanoplnlic 
as cholesterol. Nevertheless, paraffin oil excites a mild interstitial reaction with 
the formation of lymphoid aggregates, and the vacuolated macrophages accumu¬ 
late in the walls of the alveoli and alveolar ducts with gradual obliteration of 
these air spaces (Fig. 20). "When the macrophages lie in the interstitial tissues, 
they are surrounded first by fine reticulum fibrils and later by collagen fibers.^* 
Thus, the background of the pictures in the two pneumonias is the same, but 
the substances within the macrophages differ. No acid-fast membrane bordering 
the monocytes could be demonstrated in the various sections as in the pneumonia 
produced by cod-liver oil.^®’ With one exception the patients in this group 
said that they had not used oily nose drops or paraffin oil. 

The possibility that the condition might represent a stage in the repair of 
a large “incomplete” infarct of the lung in which there is extensive intra- 
alveolar hemorrhage and edema without necrosis of the alveolar walls^'^ was con¬ 
sidered; the breakdown of the red blood cells would be a source of cholesterol. 
If this were the case, one should find zones of cholesterol-laden macrocytes at the 
border of a “complete” infarct where the alveolar walls are intact, but the air 
spaces contain disintegrating red cells. With tliis in mind a series of pulmonary 
infarcts in different stages of healing Avere studied, but there was no similantj’ 
between the two conditions. Furthermore, clinical and experimental observations 
indicate that incomplete infarcts resolve in a comparatively short period without 
the production of a chronic pneumonitis. The injection of blood into rabbits 
lungs by Strassman^® did not produce a pneumonitis and the erythrocytes were 
cleared from the alveoli Avithin a few days. Gross and microscopic examination 
of the lobes in our cases did not disclose vascular occlusions. 


A chronic interstitial pneumonitis Avith large numbers of monocjdes in the 
exudate and swelling of the septal cells is seen in such conditions as primary 
atj^pical pneumonia-'"®®' and the pneumonia sometimes associated AVit^ 
measles,variola,vaccinia,*^' varicella,^® lymphocytic choriomeninptis,^ 
influenza,®®’ and whooping cough,*®’ as well as the psittacosis-omitho^ 
group,*®"'® Q fever,'®’ ** and possibly rheumatic fever,If dilute bactena 
toxins®® or vaccine virus®* are injected intratracheally into experimental anima^, 
the initial acute reaction is followed in several days by an interstitial pneumoma 
in which the exudate is composed of lymphocjTes and monocytes and is accom 
panied by swelling of the septal cells. McCordock and hluckenfuss®* by the 
simultaneous injection of vaccine virus and bacteria into the lungs of rabbits 
reproduced the pulmonaiy changes and attendant complications seen in the 
pneumonia of patients who had died during the course of influenza, m^s 
and whooping cough. A mononuclear and septal cell response is found m e 
lungs of patients at autopsy and in experimental animals after roentgen ra a 
tion to the thorax.®®"®' Geever, Neubuerger, and Davis** in a study of pneu 
monias oceurring in a variety of conditions encountered at autopsy did not men 
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(ion inttticelluJar cholesterol. A promiiieiit fenturo in many of these pneumonias 
is the formation of a hyaline membrane lining the alveolar ducts. 

No mention is made of intracellular cholesterol in the reports of these con¬ 
ditions, though occasionally “fat-laden” monocytes were seen. In JlaeCallnm’s 
report'* on the pathologic anatomy of pneumonia associated with inilnenza, large 
numbers of fat-ladden monocytes were found in Cases 81, 87, and 91. These 
men died nineteen, eighteen, and forty-nine days, respectively, after the onset 
of the disease. Kay” studied ten lobectomy specimens from men who had de¬ 
veloped bronchiectasis following ntj’pieal pneumonia. The lobes were resected 
she to thirteen months after the attack of pneumonia and the usual changes in 
broncliicctasis wore found; no special features concerning the parenchymal 
reaction were mentioned. Intracytoplasmic and intranuclear inclusion bodies 
have been found in the respirator}- epithelial cells in pneumonias presumed to 
be of viral origin.’" Inclusion bodies were not foiuid in the group of cases under 
discussion. 

It is evident from this discussion that the pncunioniiis which we have called . 
colloquially “cholesterol pneumonia” has certain feutiiros in common with 
nany other interstitial pneumonias due to a wide variety of agents, but it can 
be separated from these conditions by the remarkable dejtosition of cholesterol 
end cholesterol esters in the mononuclear cells of the c.xudate. Cholesterol 
pneumonia is found not uncommonly in the presence of stenosis of a major 
bronchus. In this group of cases bronchial stenosis could not bo demonstrated 
by roentgenologic or bronchoscopic e-xnminations, at operation, or after resection 
of the diseased lobe. It is possible that during the initial pneumonia whieh 
these patients suffered, a viscid exudate resulted in prolonged obstruction in the 
bronchioles thereby lending to their partial destruction and ectasia, and a 
chronic pneumonitis and parench.r-mal fibrosis of the secondary iobnles beyond 
the obstmetion. It is presumed from the evidence at hand that successive waves 
of secondary infection continnoily irritated the diseased parenchyma. 'Wide¬ 
spread necrosis of tissue or continued exudation of blood plasma into the alveoli 
are possible sources of the cholesterol, but tissue necrosis was not apparent in 
the discasod parenchyma, nor are similar clianges found in chronic pulmonary 
edema, Por the moment tlie origin of the cholesterol remains an intriguing 
niystciy. 

SU3IiLARY 

Ten eases of chronic, nonsuppurative interstitial pneumonitis treated by 
'®gical excision are presented in detail. The morphologic findings in the re- 
‘aafed specimens are outlined and compared to other forms of long-standing 
Irtetmonitis, some of known etiology-. A feature of the condition is the deposit 
'"Ihm the pulmonary parenchyma of high concentrations of cholesterol and 
'bolesterol esters. The origin of these materials and their bearing upon the 
P®lhogeaesis of the pnenmonitis are discussed. 
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PULMONARY RESECTION FOR LUNG ABSCESS 

A. J. Neerken, M.D., AND John B, Grow, M.D. 

Denver, Colo. 

A REVIEW of the literature which has accumulated during the past teii 
years conceming abscess of the lung cannot fail to impress the reader 
with the seriousness of the disease. Valle,^ in reviewing results in 244 un- 
seleeted cases of lung abscess treated at Barnes Hospital, St. Louis, found an 
over-aU mortality rate of 27.4 per cent. One hundred twenty cases treated at 
the Massachusetts General Hospital between 1938 and 1942 were studied by 
Sweet.^ Of these 18.3 per cent of the patients were found to have died. A 
report from Charity Hospital in New Orleans of 417 eases showed death in 49,2 
per cent.® 

The work of Neuliof* advocating early one-stage transthoracic drainage for 
acute putrid abscess, along -with the development of ehemotherapeutie and anti¬ 
biotic agents, has greatly improved the prognosis of the patient with acute 
pulmonary abscess. However, the mortality figures for the chronic form of tlie 
disease remain high, and of those patients recoveinng many are destined to go 
through life as chronic pulmonary invalids. Recently Shaw and Paulson® and 
Kent and Ashburn® have repoided series of lung abscesses in which pulmonary 
resection, as well as open drainage, was utilized with significant reduction in 
mortality and increase in cure rate. 

Overholt and RumeP and R. L. Moore’ have divided lung abscesses into two 
groups, the simple and the complicated, depending on the pathology present. 
We believe tliis classification to be a decided improvement over the usual chron¬ 
ological division into “acute” and “chronic.” Briefly, the simple abscess is 
characterized by a single cavity unassociated with extensive pneumonitis, fibrosis, 
or bronchiectasis. The complicated abscess, on the other hand, may have sev¬ 
eral daughter abscesses, marked pneumonitis, fibrosis, and bronchiectasis. It is 
apparent that while adequate drainage of a simple lung abscess may result in 
cure, drainage of the major focus of a complicated abscess, with healing of that 
abscess cavity, stHl leaves significant pulmonarj^ disease present, and the patient 
cannot be considered well. 


preoperattve study 

There are tkree examinations which should be included in the preoperative 
study of aU patients with pulmonary abscess. Accurate x-ray localization of the 
abscess cavity is of prime importance, regardless of the form of surgical treat¬ 
ment contemplated. In addition to the usual posteroanterior roentgenogram, ^ 
lateral and oblique views should be obtained. If the presence of an abscess 
cavity is obscured by pneumonitis or pleural fluid, the mentioned views utilizing 
the Buekj^ technique should be included. 

Bronchoscopy must be carried out promptly in all patients sulfering fi'O® 
lung abscess. Since the pathogenesis of the disease is based on bronchial o 

Kecelved for publication Feb. 7, 1949. 
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struction and impaired bronoliial drainage, the importance of bronchoscopic 
examination in determining the presence of an endobronchial lesion is obvious. 
Aid in localization of the involved broiicliopulinonar}' segment by identification 
of the broncliial orifice from whicli pus issues may be obtained, ns wcU as pos¬ 
sible therapeutic benefit from evacuation of some of tlio pus. 

Bronchography constitutes tlio third important e.xnminntion and may be 
conveniently conducted by introduction of the iodized oil througli a catheter 
inserted at the time of bronchoscopy. Obstruction occurring beyond the endo- 
seopicnlly visible areas of tlie trachcobroncliinl tree will bo noted, and the 
presence of complicating bronchicctasbi indicated. Tlio bronchograms are also 
of aid in accurate localization of the involved bronchopulmonary segments. 


ANALYSIS OF CASES 

During the five-year period between September, 1942, and September, 1947, 
thirty-eight patients received pulmonniy rc.scclion for lung abscess at Fitz- 
siinons Qcneml Ilospital. These patients were treated since tho advent of the 
sulfonamide drugs, and after 1943 most of them also received peniciUin. In 
all of the patients an attempt was made to utilize the indiiddunl ligation tech¬ 
nique in the management of the hilar struetures. In two instances tliis was 
found to be technically impo.ssibic and tourniquet resection was performed. 
Table I shows tho anatomical location of the lesions treated. 


Table I. Location or Lexo Abscess 


Left upper lobe 9 Right upper lobe 

Lingula 0 Right middle lobe 

Left lower lobe 10 Right lomcr lobe 



The equal frequency of upper and lower lobe lesions in the series, in spite of 
tho more common occurrence of abscess in tho lower lobes, may be explained 
b.v our willingness to resect upper lobe lesions whether simple or eomplicated. 

In attempting to determine the ctiologv' of the alisccss in tho cases reported, 
pneumonia was found to bo the most frequent underlying lesion. Since the 
earliest x-ray manifestation of lung abscess is an area of pneumonitis, the 
significance of the postpneumonic group is questionable. Table II lists the 
etiology of the cases in this series os could best bo determined. 


Table LL Etioloot or Loko Abscess 


■roatpneumonic 

Tra nmn. 

Followed upper reepiratory infection 
PostoperatiTO 

Infected bronchogenic cyst 
Vincent’s tmgina 
Pre-existent bronchiectasis 
Amebic abscess of Urer 
_ TJnde tormined_ 

Thirt}'-sLx of tho thirtj'-eighl patients bad compHcatcd liuig abscessra. In 
"“iRy, of course, several complicating lesions were present. Bronchiectasis was 
most frequent complicating factor, being present twenty times. Mnltiple 
"iBeess formation, extensive pneumonitis, and extensive fibrosis were also com- 
ttonly noted. 
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chicclasis luicl may be nttribulccl to incrensed difficulty of resection in abscess 
coses Qs well ns to the disensc itself. 

Ttvcrc v;(tvc. three dentUs in this series, a fatality rate of 7.9 per cent. Two 
of the three dcntlis occun-cd in patients undergoing pneunionectomj^, one dying 
from pulmonary' edema and acute cor imlinoimle, and one from hemorrhage 
from the stump of the left pulmonary arterj*. The tliird dealli occurred on the 
eleventh poslopemtivc day following lohcctomy and was due to multiple brain 
al>3cesscs and meningitis. 


SUMIIAHY AKD CON'CIA^KIONS 

3. Tlie preoperalive examination of all patients ^nth lung abscess should 
include accurate x-ray localization of the lesion, bronchoscopy, and hronchog- 
mphy. 

2, Pulmonarj’ resection Is the treatment of choice in eases of complicated 
hmg nlwcess and in limg abscesses located in the upper lobes. 

3. A-series of thirty-eight lung ahsccs-ses has been subjected to this man¬ 
agement during the post five years, with a mortality rate of less than 8 per cent. 
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Erratnm 

Concerning the article by J. R. AfcDonald, 8. W. Harrington, and 0. T. Olagett, on 
Gbstructlve Pneumonitis of Neoplastic Origin, in the February, 1049, issue of the Jourxal, 
PP* 97-112, the authors wish it to be known that they intended to supply tho name of Dr. 
Donald 8. Morris on tho manuscript or galley proof before the paper was published. They 
ff^tly Tegret that, by oversight, they failed in their intention. 



A NEW FLEXIBLE DOEBLB-LIBIEN CATHETER FOR 
BRONCHOSPIROMETRY 

Eric Cablens, M.D. 

Stockholm, S^vEDE^^ 

T he first deteminations of separate lung function in htunan subjects were 
made by Jacobaeus, Frenckner, and Bjorkman^ in 1932. The appara¬ 
tus used was a rigid double-lumen bronchoscope, introduced under direct vi¬ 
sion and so positioned that air exchange to the two lungs was maintained 
through the respective channels of the bronchoscope,- ventilation and oxygen 
absorption of the two lungs were recorded simultaneously. In 1934 Frenckner^ 
greatl}^ simplified the technic by altering and improving the double broncho¬ 
scope. 

In 1936, Bezangon and his associates® made a number of observations, using 
a single-lumen bronchoscope, recording data first from one lung and then from 
the other. A great deal of technical diflSculties arose in introducing these 
rigid bronchoscopes into the desired position. Also, the procedure was often 
ver\' disagreeable to the patient. 

In 1939, Gebauer* described a flexible soft-rubber double-lumen catheter, 
constructed for use in bronchospirometry. Independently of him Zavod® in 
1940 described a similar catheter. These catheters simplify in some ways the 
procedure and make the examination less disagreeable to the patient. There 
is a flexible steel plate in the tip of the catheter and the capillary air leads 
are radiopaque. By means of fluoroscopy the catheter is placed iu the correct 
position. In eases with marked distortion of the upper part of the trachea to 
the left, thei-e are often difficulties in introducing the catheter into the left 
main bronchus. The usefulness of this tj-pe of double-lumen catheter is also 
limited by the small size of the breathing channels which it provides, and the 
increased respiratorj'’ effort entailed in “stenosis breathing” may amount to 
moderate or severe dyspnea sufficient to interfere with completion of the test. 
Furthermore, it is believed that in eases with marked disproportion between the 
ventilation of the two lungs, air exchange to the good lung is more restricted 
than that to the poor one. If this is true, the determination of the relative ven¬ 
tilation of the two lungs wiU be inaccurate. In patients with large amounts 
of viscous sputum it is often impossible to obtain satisfactory records because of 
obstruction of the channels. 

To avoid this stenosis breathing Norris, Long, Oppenheimer, and Wester 
in 1948 described a single-lumen catheter for use in simultaneous determina¬ 
tion of separate lung function. The lumen of the catheter provides an airway 
to the left lung, and air exchange to the right lung is maintained around the 
catheter and through the larynx. The catheters (22-26 French), which have 

From the oto-Iarj-ngologlc department of Sabbatsherg’s Hospital, Stockholm. Heed 
Dr. Med. G. Ohngreu. 

Kecelved for publication June 27, 1949. i/qvirik. 
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an inflatable cuff, are of metal spiral construction and sheathed in latex Pen¬ 
rose tubing. The catheter is introduced on a cun^ed stylet under mirror guid¬ 
ance and advanced into the left bi’onehus under fluoroscopic control. The 
outer end of the catheter is then brought through a Connell mask and through . 
a rubber diaphragm in one arm of a Heidenbrinck Y-eonnector. The largest 
size of this catheter (inside diameter,? mm.) offers a calculated resistance to 
air flow, -which is approximateh’ one fifth of that offered bj" one cha-nnel of the 
largest size of Zavod’s double-lumen catheter. 

I am eon-sdnced that the introduction of this method is of gi’eat value in 
bronchospirometrj’. Sometimes, however, there is, under the fluoroscope, diffi¬ 
culty in determining if the inflatable cuff is placed just between the carina 
and the mouth of the left upper lobe bronchus. In order to avoid tins difficulty 
and to oh-^date the time-consuming procedure of fluoroscopy, we have con¬ 
structed a flexible double-lumen rubber catheter of approximately the same 
rigidity^ as an ordinaiy urethral catheter. It is pro-\dded -with a little hook 
that is automatically engaged bj^ the carina. Fig. 1 illustrates the construction. 
The lumen of each channel in tlie largest model (that is, the one used in male 
adults) is the same size as the single-lumen catheter of Norris and associates. 
For women we use a somewhat smaller size with a diameter in each channel of 
6 mm. 



Pig. 2.—Photograph of the catheter manufactured In two sizes. 

The Use of the Catheter .—^Before the examination a curved metal stylet is 
introduced into the bronchial channel of the catheter. The rubber hook is 
tied dotm to the catheter with a silk thread in order to facilitate tlie introduc¬ 
tion through the larynx. The knot is tied in such a way that it is easy to open 
when pulling on one end of the thread. The catheter is then introduced imdei 
mirror guidance. When the hook has passed the vocal cords, the stylet is re¬ 
moved and the knot is untied by means of a slight tug on the thread, which is 
then puUed out completely. The catheter is now turned 90 degrees to the left 
and it is gently pushed do-wuward until the hook is engaged by the carina. It 
is very^ easy' to feel when the catheter is in correct position. The cuffs me 
inflated with a sywiuge until the control bags on the upper part of the capillary 
air leads are distended. The capillaiy air leads are then clamped off. o i 
serving the tension in the control bags, it has been ea.sy' to obtain the require 
distension in the cuffs. This has obA’iated the necessity for manometric contro 
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of the pressure in tlie cuffs. Tlie hrentliing cJinunels are tlien counccted Avitli 
tile fwuispironietcr and the o.\nuiiniition jniiy conimenec. 

The eatiieter i.s constructed of rul)bcr of moelerntc ripidily wliicli makes it 
ens>- to handle. AVlicu it i.s heinp pnslicd down througli tlie trachea, the hron- 
ehinl eud of the entheter e.Tcrts a aliplit clastic jiressurc on the left Avail. It 
therefore automatically enters the left main hronehus even in those patliological 
states where the nuglo lictAvecn the latter and the trachea approaches flO de¬ 
crees. The pressure o.Terted, hoAvevor, is not so great ns to traumatize the 
fflucus niembmne. 

Premedication and topical nncstbcaia are approximately those employed 
for bronehoscopy. It is of great importanec to give onlj’ a small dose of mor¬ 
phine in order not to depress the activity of the respiratory center. Other¬ 
wise, respiration hecomes irregular and difilenitiw arc encountered in measuring 
the oxygen consumption. For topical anesthesia the pharjnix is sprnyetl lightly 
several times with a 2 per cent solution of pantocaine. The larj-nx, trachea, 
and larger bronchi are then aneathclizeil by fractional in.stillation of about 2 
ml. of tho same solution. 

Emplojnng this type of catheter, ive liaAC, during tlie Inst year, done over 
60 bronchospiromotrie examinations and in no ease has there been any diffi- 
anlty in introducing it into tho correct position. Nor have wo seen any un¬ 
toward effect from the procedure. After premedieation Avitli atropine or 
wopyl (mctylseopolnmine) we have never seen any obstruction by secretion, 
although in some imstances we have continued the examination for as long ns 
one hour. AVe ImA-c also been able to show- that this entheter e.xerts almost no 
■nflucnce ivbatci'cr on the respirntovy movements. The summation of the vital 
oapacitics from both lungs has neA'cr by earlier methods with double cathetera 
given tho same result ns ohtainwl by ordiiiaxy spiromehy. Especially Avitli tho 
ngid double bronchoscope the patients did not expire freely rind there was a 
large amount of reserve air. AVith the flexible catheter of Znvod’s tj-pc, a 
closer correlation was achieved but according to Pinner' it was necessary in 
the usual spiroraetric test to add a “stenosis” of the same magnitude as that 
produced by the iutroduction of tho bronchial catheter in order to obtain n 
close correlation. Measured by our double-lumen catheter tliere is a very 
close correlation between the sum of the vital capacities from both lungs and 


L A CoupARison or the Sum>l4tion or the VrriL OArAcrriES Faoii Born Lusas 
Meabuheij bt Oun BooarAi-LUMES Oatheter and the Vital Capacitt Obtainep 
BT Ordixaet ^moiiBnnr in Siwen Conseoutite Cases 
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the result obtained from ordinary spirometry without any introduced stenosis. 
.(See Table I). To get the conditions as similar as possible we have done the 
ordinary spirometry about a quarter of an hour after the bronchospirometric 
test before the anesthesia has disappeared. 

We have also found that the lumina of the channels are large enough to 
permit bronchospirometric examinations on patients exercising on a cycle ergom- 
eter. This can be of gi’eat value in some cases in order to study the reserve 
capacity of oxj^gen absorption in an affected lung. These investigations are 
being continued and will be dealt with in a further publication. 
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NOTICE 

The Chairman of the Membership Committee of the American Association for Thoracic 
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must be received by him before Jan. 1, 1950. Applications received after this date will not 
be considered before the next meeting of the Association. All applications should be 
submitted to Dr. B. N. Carter, Cincinnati General Hospital, Cincinnati, Ohio. 
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CHRONIC ATELECTASIS AND PNEUMONITIS OF THE MIDDLE LOBE 
Do.vAEn L. PAUI^SON, JI.D., ano Rodfjit R. Snvw. ^I.D., Dam-.vs, Texas 

O NE of us (D.L.P.), in 1945, lK*(*nme inler(*stt*t] in clironic atelectasis and 
pneumonitis of the middle lolm of the rijrht lung. Several patients were 
seen who lind an obstruction of tlic bronchus of the middle lobe secondary to 
extrinsic pressure by calcified lympli nodes and resulting in atelectasis and 
pneumonitis of tlic middle lobe. Subsc(iuently other patients were operated 
upon who had the same condition nilh the exception tliat instead of calcified 
l)*niph nodes the bronchus of the middle lobe was surrounded by large inflamed 
l>Tnph nodes. In tJie last throe years a total of tliirty*two patients ha\'ing 
chronic atelectasis and pneumonitis of the right middle lobe for periods varj’ing 
from five months to Uventy years lias liccn seen. Twenty-nine of these thirt)'- 
fwo patients have been operated upon and a right middle lobectomy performed. 
A review of tlie sjmptomatology and the findings by it>ontgcnography, brouclios- 
^PXt and broncbogmpliy reveals a characteristic diagnostic pattern on the basis 
of which the diagnosis can be made prcopcrativcly with a high degree of ac¬ 
curacy, In our opinion the frocpioncy and cliai'acteristic pattern of this type 
of pulmonary suppurative disease justifies its scpni’ation ns a clinical entity and 
stimulated our making this report. 

rATHOLOOY 

The essential pathologic feature of this condition consists of broncliial ob¬ 
struction of the middle lobe bi*onchus with rcsultuig atelectasis, pneumonitis, 
imd fibrosis of the middle lobe. The bronchial wall has been found to bo in¬ 
volved with inflammatioii and edemn in most cases (Pig. !)• Enlarged peri¬ 
bronchial lymph nodes about the right middle lobe bronchus have been found 
ni fifteen patients. These inflamed lymph nodes are large indurated nodes 
^kich in some instances completely surround the bronchus of the middle lobe at 
lU origin from the intermediary bronchus. It is conceivable that these nodes 
which are probably secondary to inflammation vlthin the right middle lobe 
P^^nc e pressure on the bronchus, thus increasing the obstruction of an already 
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Fie. 1.—Photomlorographs (XlOO) of sections from the 
havlng Tronic atelectasis and pneumonitis of this 1°^®* calcified mass, 

tion In the wall of a large bronchus; B, a bronchus at the ®>t®o^®i^°®l°““7ttss“e which has 
Masses of hyalinized and calcified material are embedded in dense flbroM ^^ 

replaced the mucosa of this bronchus. Chronic Inflammato^ f '^hron^W rnucosa is evi- 

be seen scattered throughout the connective tissue. ?nd chronic pneumonitis 

dent, and In the vicinity of the bronchus, marked obstruction. Marked 

are noted. O. Section from lung tissue beyond tte site “Jerked inflamma- 

bronchlolltis is depicted with fibrous thickening of the „ gerere chronic pneu- 

tory infiltration. The adjoining lung tissue is atelwtatic there Is a set ere^ c 

monltls with fibrous thldcening of the alveolar walls pneumonitis, 

cells (lymphocides, plasma cells, and macrophages). B, chronic ateiectas 
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inflnraed nnd edematous bronchus. In n smaller group of patients (six) there 
were no enlarged ]}Tn])h nodes in tlie liilum of the middle lobe, the bronchial 
obstruction apparently haring been produced by edema and inflammation of 
the bronchial rvall ’only. In eight patients, large calcified Ijunph nodes were 
found around the middle lobe bronchus. In several of these patients there 
was a complete ring of calcified nodes surrounding the bronchus. There is no 
question that theso calcified Ijunph nodes were producing c-xtrinsie pressnre on 
the bronchus thus inducing obstruction. In four patients these stony lymph 
nodes Imd eroded partially through the bronchial nmll (Pig. 1). This process, 
if allowed to continue, would undoubtedly result in a broncholith. Secondarj- 
to the bronchial obstruction complete or partial atelectasis occurs together ivitb 
chronic infection. A chronic pneumonitis nnd fibrosis supervenes. Bron¬ 
chiectasis eventually develops distal to the bronchial obstruction. Bronchiectasis, 
however, is not a prominent feature of the pathologv- but is only secondary to 
long-standing broncliial obstruction. It is considered entirely probable that in¬ 
flammation nnd edema of the bronchial wnU undoubtedly contribute to bronchial 
obstruction of the middle lobe bronchus, thus inducing ntelootnsis in the absence 
of Krtrinsie pressure by enlarged pcribroncliial l.vmph nodes or calcified lymph 
nodes. In two patients the bronchial obstruction was dno to a foreign body 
reaction in the bronchial wall. 

SVJtPTOMATOIAIOY 

The cardinal symptoms of chronic atelectasis and pneumonitis of the middle 
lobe consist of chronic cough, pain, hemoptysis, dyspnea, and wheeze. Chronic 
cough was present in all of the thirty-two patients. In seven patients the cough 
was worse in dorsal recumbency, that is the patients complained of the fact that 
on Ijing down at niglit they developed severe coughing which was relieved by 
sitting in an upright position. Twontj--onc of the thirty-two patients had pain 
which was usually located in the anterior portion of the chest, in many instances 
near the midline. Intermittent licmoptj-sis occurred in fourteen of the thirty- 
two patients. Hemoptysis varied from frank blood spitting to blood strealring 
of the sputum. Dyspnea was present in eight of tho thirtj'-two patients, and a 
definite wheeze was described by the patient in six instances. Previous pneu¬ 
monias constituted a prominent part of the cluiicnl history. Twenty patients 
flad had a previous pneumonia, nineteen of W'hom had had a pneumonia diag¬ 
nosed two or more times. Fifteen patients complained of a constant low-grade 
fever. Eleven patients complained of easy fatigability. Frequent colds and 
loss of weight were present, respectively, in seven patients. Table I iUustrates 
Ibo incidence of these symptoms. 


TiBU; I. iJviipTOMS ANP FEATOIIES OF TOE CUNICAI. HISTOllT OF TlUniV-TWO PATJEKTS 
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The duration of symptoms is illustrated in Table II and varied from five 
months to twenty yeai-s. It is to be noted tliat twenty-six patients had had 
symptoms for one or more yeai-s and that seventeen patients had symptoms for 
three or more years. 

Table n. Duration of Syaiptoms 

UNDER 1 YR. 1 TO 2 TK. 3 TO 5 YR. 5 TO 12 TR. 20 YK. 

6 9 Id 6 1 


The incidence as to sex revealed an almost equal division between males and 
females, 17 being males and 16 females. The age of these patients varied from 
7 years to 62 yeai's. Table III illustrates the age grouping. 


Table m. Age Incidence 

10 
9 
8 
7 

NUMBER ® 

5 

4 
3 

2 
1 

AGE IN YEARS 

OBJECTIVE FINDINGS 

The bronchoseopic findings consist of an edema, h}q5eremia, or indiuation 
of the mucosa of the bronchus to the middle lobe. Punilent secretion was seen 
arising from the middle lobe orifice, and in many patients the opening was 
markedly narrowed and slit-like in appearance. Some patients obtained tempo¬ 
rary relief from the symptoms follovdng a bronchoscopy performed for diag 
nosis. The bronchoseopic findings are not diagnostic alone but are of con 
siderable value when taken into consideration with a careful histoiy, roentgeno 
graphic and bronchograpliie findings. 




Complete obstruction of bronchus 
Incomplete filling of one segment 
Close grouping of bronchi 
Bronchiectasis 
Total 
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The ro(mtgcuogra))liic niid broiieliogrnphic findings arc verj' important in 
the diagnosis of olironic atelectasis and pneumonitis of the middle lobe. It is 
neecssarj- to make right Intcmt roentgenograms m addition to the conventional 
posteroanterior and anteroposterior exposures. In many instances the atelec¬ 
tasis will not be visible on the convcnlionnl posteroanterior exposure only to 
be verj- obvious on the right lateral exjmsurc (Fig, 2). An atelectasis of the 
middle lobe was diagnosed by the roentgciiologLst in nineteen of thirty-two 


'm** —I^teroanterior and riffht lateral roontcenocroni of tho cheat of three different 
lUuatmtlnff; A, the abacnco of a ahndow m the poateroantcrior €*poi^ and the 
*ot aeftnentfll atelectaela In tho lalernl expoauro: for li and C eeo the following page. 

Pfitients and in five patients there was au area of increased density visible in the 
^on of tho middle lobe. Plain roentgenograms (including posteroanterior 
lateral exposures), in other words, led us to tho diagnosis in twenty-four' 
of tte tliirty-two patients. Complete bronchography was done in twenty-eight 
PAtients. The hronchogram revealed complete obstruction of tlio right middle 
lobe bronchus in twelve patients and incomplete filling of one of the two seg- 
joonts of tho middle lobe in seven patients. In four patients, although the 
“fonchi of the middle lobe were filled with oil. close grouping of tho bronchi 
demonstrated, indicative of atoleetasis. Bi-oucluectasis was demonstrable 
V hronchogram in only five patients. Bronchography demonstrated either oh- 
f^ction of the bronchi of the middle lobe or close grouping of the bronchial 
^ches in twenty-three of twenty-eight patients (Pig. 3). 


, The diagnosis of chronic atelectasis and pnenmonitis of the middle lobe is 
upon a careful histon', the bronclioscopic, roentgeuographic, and broncho- 
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grapliic findings. Any patient giving a Mstorj^ of ckronie cough which may 
be worse in dorsal recumbency accompanied by right anterior chest waU pain 
and hemoptysis and -ndth a history of recurrent pneumonias, a low-grade fever, 
and easy fatigability should be considered as possibly having chronic atelectasis 
and pneumonitis of the middle lobe. Bronchoscopy may suggest the presence of 
this condition. Plain roentgenograms taken in the posteroanterior and lateral 
views in many instances will give confirmatory evidence. A complete broneho: 
gram should be made in all patients in order that the remainder of the bronchial 
tree may be studied as -well as the middle lobe. Definite obstruction of the 
middle lobe bronchi or close grouping of the bronchial branches in those pa¬ 
tients in whom the bronchi fill with lipiodol Avill be visualized in a high per¬ 
centage of patients suffering fi-om chronic atelectasis and pneumonitis of the 
middle lobe. 

OPERATR'E FINDINGS ’ 

Because chronic atelectasis and pneumonitis of the middle lobe is a tj^e 
of chronic suppurative disease from wliich there is no hope of recovery, surgery 
is indicated. A right middle lobe lobectomy was done in twenty-nine of the 
thirtj^-two patients. At the time of the opei’ation, complete atelectasis of the 
middle lobe was found in fourteen patients and partial atelectasis in twelve pa¬ 
tients. The lymph nodes surrounding the middle lobe bronchus were unusually 
large, inflamed, and indurated in fifteen patients. These lymph nodes were 
calcified in an additional .eight patients. In four of these eight patients the 
calcified material extended into the bronchial lumen. Inflammatoiy adliesions 
were present between the visceral and parietal pleura adjacent to the middle 
lobe in many instances, and in several patients there were dense adhesions 
between the middle lobe and pericardium and diaphragm. It is entirely pos¬ 
sible that the adhesions between the middle lobe and pericardium account for 
the pain w^hich the patient experiences near the midline anteriorly. 

The results of operation have been satisfactory on the whole. Of the twenty- 
nine patients undergoing a right middle lobectomy, one patient died. This was 
a 51-year-old man who died on the fourth postoperative day from a pulmonary 
embolus. There were no postoperative empyemas. One patient developed an 
organized hemothorax secondary to bleeding. It was necessary to perform a 
decortication of the remaining portions of the right lung three weeks later. 
This patient eventually obtained a satisfactory result. Three patients continue 
to have a slight cough associated with a generalized bronchitis. Two patients 
have had a recurrence of hemoptysis. One of these patients has a long bronchial 
stump and it is believed that the bleeding occurs from ulceration of the mucosa 
within this long bronchial stump. It is believed that the recurrence of hemop¬ 
tysis in the second patient is due to a rather severe generalized clironic bron 
chitis. 

DISCUSSION 

The syndrome of chronic atelectasis and pneumonitis of the middle lobe is 
presented as a newly recognized clinical entity of pulmonary suppurative ^ 
ease. Justification for its separation as a clinical entity is occasioned by e 
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frequency with'wliicli this s\Tidix)nic is cncoimterocl togetlicr ivitli the cliaroc- 
terislic pattern of this type of suppurative disease. It cannot lie classified 
as broncliiectn.si3. Although bronchiectasis is frequently reported by the pathol¬ 
ogists, the principal fcatuie of the disease is obstruction of tho middle lobe 
bronchus irith chronic ntelcctnals and pneumonitis. Although a chronic pneu¬ 
monitis develops ns a result of atelectasis, the condition should not bo classified 
ns a lung abscess. 

Chronic atelectasis and pneumonitis may occur in any portion of either 
lung. AVo believe that various mechanical factors peculiar to the anatomy of 
the bronchial tree tend to favor the development of bronchial ohstruction and 
atelectasis of the middle lobe more frequently. The right middle lobe bronchus 
oriscs from the intciuiediniy bronchus at almost a right angle in tho lower por¬ 
tion of the cheat. For this reason, drainage Ls poor. The main bronchus of 
the middle lobe is also verj- short and branches after a distance of less than 1 cm. 
into two main segments. The diameter of these segmental bronchi is normally 
small. It is entirely possible that as a result of pneumonia there will be inflam¬ 
mation and edema within the wall of these small bronclii. Because of their 
small diameter, they arc easily obstnicted. Originating from the remainder of 
tho bronchial tree at almost a right angle, drainage is poor, and atelectasis may 
readily develop. Thvo-thirds of tho patients in this scries gave a history of a 
pneumonia, almost all of whom had had pneumonia two or more times. It has 
been our opinion that tho first pneumonia perhaps damaged the bronchial wall 
thus resulting in bronchial olistruotion. Tho lymph nodes of tho middle lobe 
bmnehus almost completely surround it. Expansion of an enlarging lymph 
node within the hilum of the middle lobe is limited medially by the plenral 
reflection from lung to pericardium in tho region of tho anterior pulmonary vein 
and anteriorly by the pulmouarj' artcrj' ns it crosses tho bronchus of tlie middle 
lobe tramwcrscly to its length. As these l.nnph nodes become inflamed and 
enlarge sccondarj- to the inflammation a-ithin the middle lobe, further pressure 
IS e.xcrtcd on tho bronchus from tho outsido. If tho bronchus is already weak¬ 
ened by inflammation and wlcma, it is entirely possible that the bronchial wall 
"oil be compressed by extrinsic pressuio. This then develops into n vicious 
cycle, the bronchial obstruction inducing more infection within the middle lobe 
and the infection ^vithin the middle lolw inducing further swelling of tho en¬ 
larged hunph nodes suiTounding tho middle lohe bronchus. There can bo no 
question of the etiological factor involved in tlie eight patients in whom enlarged 
calcified lymph nodes were foimd surrounding the middle lobe bronchus. In 
some instances tho middle lobe bronchus was surrounded by a ring of calcium. 
In four patients the calcified nodes had partially ei-oded through the broucliial 
Wall. 

The same sot of circumstances may come into play in other portions of the 
‘'ug, although because of the mechanical factors outlined hero, tlie middle lohe 
eppears to he more commonly involved. Fonr patients having chronic atelectasis 
snd pneumonitis of tlie lingular segment of the loft upper lobe have been treated 
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during this same period of time. Three of these patients had an obstruction 
of the lingular bronchus (bronchographically) associated with enlarged peri¬ 
bronchial Ijunph nodes, and in one patient the obstruction was due to a calcified 
lymph node. Chronic atelectasis and pneumonitis of the right upper lobe due 
to enlarged calcified lymph nodes about the right upper lobe bronchus were 
encountered in one patient. 

During the last three years we have done 168 pulmonary resections (ex¬ 
clusive of total pneumonectomies) for various types of pulmonarj’- inflammatory 
disease. Twenty-nine of these were done for chronic atelectasis and pneumoaitis 
of the middle lobe. Exclusive of lung abscess, bronchiectasis, and specific types 
of pneumonitis, chronic atelectasis and pneumonitis of other portions of lung 
constituted the indication for resection in twelve patients. 

Graham, Burford and Maj'-er,® presented a paper entitled “The Middle 
Lobe Syndrome ’ ’ before the Interstate Postgraduate Assembly in October, 1947. 
At that time they presented twelve eases and also were of the opinion that the 
middle lobe syndrome jus-tified separation as a clinical entity. 

The diagnosis of chronic atelectasis and pneumonitis of the middle lobe , 
is not a difficult diagnosis to make if one is aware of the possibility. The most 
important condition in its differential diagnosis is bronehiogenic carcinoma. In 
all instances in wliich a preoperative diagnosis of chronic atelectasis and pneu¬ 
monitis in the middle lobe is made, the possibilitiy of a bronehiogenic carcinoma 
must be kept in mind, particularly in patients in the older age group. 

It is believed that many patients complaining of chronic cough, chest pain, 
and hemoptysis have had only plain posteroanterior roentgenogi’ams made and 
given a diagnosis of bronchitis. Such a patient should have the benefit of a 
lateral roentgenogram and a complete bronchogram. A careful history and 
complete bronchography -will reveal signs of middle lobe obstruction in some of 
these patients. Even though a complete bronchogram be done, lack of filling 
of the middle lobe bronchus is tqo often easily explained on the basis of tech¬ 
nical failure. If there is any question concerning technique, the bronchogram 
should be repeated. If as a result of a second bronchogram, oil does not enter 
the bronchus of the middle lobe or one of its segments, a positive diagnosis of 
bronchial obstruction should be made. The procedure, of course, necessitates 
doing complete bronchography with careful attention to all bronchial segments 

The treatment of chronic atelectasis and pneumonitis of the mid^e lobe is 
surgical. The mortality and morbidity in this series were low. Because of the 
possibility of a bronehiogenic carcinoma, surgeiy is imperative in the patients 
in the older age group. Pulmonary emphysema and an obstructive bronc^tis 
■null probably develop if the localized area of atelectasis and pneumonitis is 
allowed, to persist over many years. It is our opinion that as soon as it becomes 
obvious that the atelectasis and pneumonitis are chronic a pulmonary resection 
should be done. 

‘Graham, Evarta A., Burford, Thomas H., and SJayer, John H.: The Middle 
Syndrome, Postgrad. Med. 4: 29-84, 1948. 
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SUMMARY 

A renew of thirty-two patients liavinc chronic atelectasis and pneumonitis 
of the middle lohe is presented. The cardinal sj-mptoms of this condition are 
cough, anterior chest wall pain, hemoptysis, dyspnea, and wheeze. A liistor)' 
of recurrent pneumonias, low-pmde fever, easy fatigability, frequent colds, and 
loss of weight is obtained in a high ))creentagc of patients. Pathologically the 
condition is characterized by chronic atelectasis and pneumonitis of the middle 
lobe secondary to bronchial obstruction. The bronchial obstruction is the prin¬ 
cipal etiological factor in the development of the chronic atelectasis and pneu¬ 
monitis. The frequency and the charaetcristic diagnostic pattern of this tjqje 
of pulmonary suppurative disease justifies its separation ns a clinical entity. 


DISCUSSION 

DR. JOHN n. MAYER, Knnms Qty, Mo.—Wo too have boon impreswsl by tlio in- 
crcflsing nunibor of patients with chronic nontuborculons atelectasis of tho right middle lobe, 
Drs. Graham, Bnrford, and I hneo had llic opporturuty recently to report our experience in 
thirteen siicii cases. The symptorontology, x-my, and bronchoscopio findings have been 
essentitliy the same ns in tho eases reported hero today. Hemoptysis has been tho present¬ 
ing complaint in the majority of our patients. Wo are in comploto agreement with Hr. 
Paulson ns to tho iraportnneo of tho lymph nodes about tbo middle lobe bronchus in effecting 
constriction of that bronchus. The stratogic location of tlicso nodes and their importanco 
in the etiology of nontabercnlons broncliioctnsis hnro boon omphasiiod by Brock in his 
recently published book on tbo anatomy of the tmcbcobroncbinl treo. (Slide.) This iRus- 
tratlon wns tnkon from his book nnd dcraonstmtes, ns Dr. Paulson lias told you, tbo location 
of the lymph nodes nbont tho origin of tho right middle lobe bronchos. 

Because those cases began to mnko their oppearanco at a time when penicillin was 
eoming into widespread use it occurred to us that those patients might represent tho residon of 
cMrcmely screro ncato suppnmtlvo infection from which tho patients would not have recovered 
except wiUr tho help of penicillin. However, in reriowing our cases wo found that many of 
them had never rocolvod ponlclllln and most of them had not hnd a severe nento onset Oar 
concept is that no ono specific otiologlcnl agent can bo indicted, but that any disoaso pro¬ 
ducing pnlmonary lyraphadcnopathy may be at fault 

I think it may bo worth while to iiolnt out tiint these lymph nodes represent to n largo 
extent lymph drainage from tho lower loho on tlio right eldo and that ono must bo caroful 
that tlio right lower lobo Is free of dlaenso prior to attacking the middle lobe eurgicaDy. In 
one of our patients we subectinently Iind to remove chronic euppumtlve disrose of tho riglit 
lower lobe, the right middle lobo liaving boon succossfully removed six or eight months pre¬ 
viously. 

DB. EAIPH A. DORNER, Dos Jloinos,—have scon a number of patients who fit into 
this lyndrome. I would like to mention ono patient who presented n very typical clinical 
end x-ray picture, AVhlle operating on iier after freeing tho hilus of tho middle lobe, I no- 
Heed that tho bronchus to tho middle lobe was very thick. Previously, the bronebommpy had 
■Iwwn a comtnnuihapcd narrowing of tho bronchus to tho middle lobo. I was afraid, whou 
"e found this thickening of tho bronchns, that perhaps sometblng liad been missed on the 
tronchoKopy. I, therefore, opened tlio bronchns and, to my amaioment, n peanut fell from 
Ihe bronchus. There was a nest of granulation tissue nround the nut accounting for some 
the thickening of the bronclius nud tho nnrroiving of its orifice. Thus tho point was 
brought to mind tlmt even though the picture may fit the syndrome which Drs. Qrahnm, 
^I^ord, and Mayor described earlier, wo must consider that paUents may have foreign 
lilies within tho bronchus producing n cUuical picture of the “middle lobo syndrome.” 
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DE. AETLLUE S. 'W. TOUEOFF, New York.—I have obsen’ed, and operated upon, a 
number of cases similar to those reported by Dr. Paulson and Dr. Sliaw, and I am in agree¬ 
ment with practically everj-thing that tliey have said. I have been impressed with tte dif¬ 
ficulties that may arise in connection with making a diagnosis in older patients, and espe- 
ciaEy nith ruling out the diagnosis of maEgnancy. Carcinoma of the middle lobe is not 
particularly common; and yet if the patient is in the so-caEed “cancer age” and has 
hemoptysis and clinical sjTnptoms of pulmonarj' infection, as well as roentgenographic evi¬ 
dence of atelectasis, one cannot dismiss Eghtly the diagnosis of carcinoma. Nevertheless, 
the presence of calcific glands should always make one suspicious of tlie presence of a 
nonmalignant lesion. Ft is interesting to note that in a number of our cases, bronchoscopy 
has been entirely negative and that, under such circumstances, bronchography has been 
of great value in clarifj-ing the diagnosis. In such cases, the stenotic area is situated too far 
distally in the middle lobe bronclius to be seen by the bronchoscopist. If Epiodol is in¬ 
stilled into the bronchus, it is not uncommon to note, in the bronchogram, an area of bron¬ 
chial narrowing which may be one-half inch or more in length. This is in distinct contrast 
to the complete occlusion of the bronchus or the short area of bronchial narrowing thijt 
usually is seen in cases of malignancy. In certain cases, it may be quite impossible to mle 
out the diagnosis of malignancy prior to operation, and under such circumstances, surgical 
exploration rather than “watchful waiting” is indicated. Furthermore, in certain cases 
even after the thorax has been opened, it may be impossible to differentiate between a 
chronic inflammatory lesion of the middle lobe and a malignancy. In a number of cases of 
this type, I have been forced to rely upon the result of frozen-section examination; for 
that reason, it is weU to.have the pathologist present in the operating room whenever the 
diagnosis has not been made with certainty prior to operation. This simple expedient has, 
on several occasions, permitted ns to rule out the diagnosis of malignancy and proceed with 
simple removal of the middle lobe rather than pneumonectomy. 

DE. CLAEENCE CEAFOOED, Stockholm.—It might be of interest to you to hear 
tliat it is not only in Anglo-American countries that cases of this tj'pe occur. "We have 
had a ninnber of them also in Sweden. It is to one of the symptoms described here that I 
want to call attention, that is, hemoptyses. We had one case with very large hemoptyses, 
and we did not believe tliat the smaU middle-lobe lesion that we found in the roentgenograni 
coidd be the cause of the abundant bleeding that was present. The patient liad had for 
about 15 or 20 years smaller hemoptysis at intervals, sometimes at intervals of years, but m 
the last few years he had had a number of hemoptyses so great that he went into uncon¬ 
sciousness at the time of bleeding; the blood loss each time was estimated to be more than 
1 liter. At these occasions he was taken to a provincial hospital and when the bleeding 
had stopped the secondary anemia was treated, after which he felt fairly weE and went 
back to his work. Finally he was sent to us and bronchoscopy was done; when the right 
main bronchus was entered enormous bleeding began and the patient nearly died. The 
bleeding, however, could be controlled and loe.aEzed to come from the middle lobe bronchus 
on the right side. At operation, the chronic inflammatory reaction in the area of the liihim 
was such that I encountered technical complications so I had to perform a total pneumonec¬ 
tomy. The specimen afterward showed a very pecuEar thing; there was a fistula as big 
as a slate pencE between the pulmonary artery- branch of the middle lobe and the bronchus, 
and in that hole was a thrombus. We believe tliat the origin of this fistula must have been 
a purulent lymph node inflammation with an abscess breaking into both the bronchus an 
the pulmonary artery. 

DE. JEEOME HEAD, Cliicago.—I believe that we are making a mistake in limiting 
our discussion to involvement of the middle lobe. The same process, of course, may 
any lobe. As you know, Parrott is remembered, because he said that in tuberculosis m 
hUus lymph glands reflected the lung parenchyma. When I started tuberculosis work, 
was common for the roentgenologist to put liis hand over the hilus region and say, 
about that area; if you are looking, for tuberculosis, look in the parenchyma.” Increasing.' 
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Ihave been iraprewed with tho importance ot looking to tho hllus. Vorj* often paroncliymal 
disease ia o reflection of troublo in tbo root glands. This is tmo both in tuberculous and in 
Boatoborculoua disease. We arc seeing totlay more prlnmt^* progressive tuberculosis. I am 
certab that in many of tJicw3 eases ro\’Cro bronchial tuberculosis dcreloj )3 by extension from 
brolved bronchial Ivinph gian<ls, and also that oxtonpion occurs from these glands into the 
parenchyma. 

OoT attention has recently been cnllcil to this whole subject of tho glands in the 
mediastinum and tho root of tho long by an Increasing series of eases in which patients 
have eipoctomtcd calcium. At tho meeting in New York in two weeks, Dr. Chester Ifoen 
and myself are giving a paper on nontuborculous pulmonary disease secondary to nontuber- 
eolous reinfection of calcified glan<bj at the Inins. In our series, this has afTcctcd all lobca. 
Dr. Moon has made 100 dissections In the anatomic Inliomtory and has found, as other people 
have found, that the location of these glantla La very constant. I shall not go into tlio de¬ 
tails of tho anatomy, but would like to mention that Mr. Nelson, whom many of us remem- 
her, was one of the first to work out the detailed anatomy of the Ijinjili glands of the lillus 
of the long. IIo was mentioned yesterday in connet-tion witii original anatomic work on the 
segments of the lung lol>e3. 

DR. ALFRED GOIiDiLVN, Los Angeles.—Many points liave been covered regnnllng 
this disease. I became Interested in it fibout two years ago ruid I find tliat once you begin 
to look for the cfTccta of calcification in x-my vlowu of lh*‘ client you begin to explain almost 
all tho previously unexplainable symptomatology on the Imsin of this calcification. As a 
n^sult, sonjctlmca I think wo overdo it, because it is soniotinics hard to toll wliieh camo first, 
the lymph nodes or tlic disease In. (ho long, and I still am confused myself to know in some 
cases whether there was hronchioctnsis and then tho lyropli nodes, or whether the lymph 
nodes came first and bronclilretnsis followcwl. I think tlmt I agree with Dr. Graham and 
others who feel that tlic l.Mnph nodes wore tho primar)' i»roccss In many instances. 

(Slides.) Also 1 ngroo that this is a disoaso that requires special attention particnlarly 
b the older age group to differentiate it from cnirinoma. 

This is one of six easQ<; the base of tho right upper lobo was involved. Tlje patient 

about 60 year* of age, had a small hemoptysis, and it was thooght she had carcinoma. 
Bionchoscopy showed narrowing and bulging and a diagnosis of suspicion of carcinoma was 
‘“dc- I performed exploratory thoracotomy with n diagnosis of carcinoma nndetermlned. 

^ right upper lobectomy was done. 

I urge that when exploration is carried out in such patients not only tho pulmonary cal- 
elflcation be taken out but others acnichcd for whlcli may cause farther trouble; the chances 
^ that the calcifications produced tl\o liomoptjwis in (ids case. There was also an empyema 
which produced a largo amount of pus in tlio interlobar space. 

It will be noted that tho largo pnmtmchcnl calcification was removed as well ns that 
one pcnetmtbg toward tho lumen of tho right upper lobar bronchus. 

This patient made an unovontful recovery and has remained well for the past years, 

Hit- DONALD L. PAULSON, Dallas.— We are naturally pleased that others are seeing 
this condition as well ns onrsdvea. In talking to several men in tho last few days they have 
told uj that they have encountered slmibr eases. As pointed out to us on Monday the term 
obstructive rncumonitia'^ is prcforablo to tho term ^'chronic atelectasis and pneumomtie. 

I beUeve tliis is particularly true In this group of caeca under discussion this morning. 

In regard to foreign bodies within the bronchus, at least two patients in this series 
bad a foreign body reaction in tho bronclilal wall, both being due to strands of cotton, ono 
« a 53-year-old woman with symptoms of twenty years' duration, and tho other in a 
I-jear-old boy. 

agree that carcinoma is tlie most Important condition to bo oonsidored in the 
Ii dbgnoeis particularly in patients in tho older ago group. Surgery, of course, 

"Operative in that group for tills reason. In our cxi)erience in only one instance have 
made a diagnosis of chronic atelectasis and pneumonitis of the middle lobe and found a 
^rtbonm at the time of the operation. 
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We certainly do see this condition in any portion of either lung. Tliere is nothing 
specific about the pathology except that it does represent an obstructive pneumonitis. In 
our experience it does occur much more frequently in the middle lobe and perhaps this is 
due to the mechanical factors outlined in our discussion here this morning. Because of the 
frequency with which an obstructive pneumonitis occurs in the middle lobe and because of the 
characteristic clinical and diagnostic pattern, we believe that this syndrome is worthy of 
separation ns a definite clinical entity. 

DE. PAUL C. SAMSON, Oakland, Calif.—Dr. Dugan and I wish to record our ex¬ 
periences with the "middle lobe syndrome.” Our interest in these lesions was heightened 
by discussions with Dr. Thomas Burford at the St. Louis meeting of this Association and by 
perusal of Brock’s exceUent monograph. In the past eighteen months, we have cared for 
seventeen patients with locaUzed bronchiectasis and/or pneumonitis of the right middle lobe. 
Seven additional patients with bilateral bronchiectasis (in all of whom left-sided resectioiis ' 
have been performed) showed, on the right, bronchiectasis only of the middle lobe. During 
the same period of time we have seen but three patients whose bronchiectasis was limited 
to the lingula, and three whose bronchiectasis was limited to the anterior segment of the 
right upper lobe. Of the seventeen patients noted here, fifteen were women and two were 
men. The majority of our patients with bronchiectasis have been women in the past two 
years but apparently there is an increased and as yet une.xplained sex incidence in the middle 
lobe group. With the exception of one girl of 19 years whose sjTuptoms dated from baby¬ 
hood, the remainder first had difficulties in adult life and the average age of the sixteen 
patients was 51 j'ears (30 to 69 years). Hemoptysis was the presenting symptom in ten; 
cough, sputum, and febrile episodes in seven. 

Ten patients showed bronchiectasis primarily (six with atelectasis) on the basis of 
bronchograms and surgery; seven patients (four with atelectasis) showed no bronchiectasis 
following Hpiodol instillation. The right middle lobe was resected in five patients; surgery 
was recommended to another five patients and presently refused (probably until bleeding be¬ 
gins again); in the remaining seven excision was not advised because of age, and improve¬ 
ment foUowing bronclioscopie aspiration and antibiotic therapy. 

Of the five patients on whom resection was performed, three showed definite evidence of 
partial compression of the middle lobe bronchus because of enlarged lymph nodes and in 
two there was no evidence of broncliial compression. 



LYTRACAVITARV SUCTION uMONALDI) IN THE TREATMENT OP 
E:\LPin"SEMATOUS BULLAE AND BLEBS 

JF310ME R. Head, jMJD., and (bv ikhtatiox) Edward E. Avery, M.D. 
Chicago, Iix. 

B ullous cmphysonm is a relatively common and often a seriously crippling 
condition. The etiology' and diagnosis of emphj’sematous changes in the 
lungs have received eonsidci’ablc attention in llic literature, but the treatment, 
until verj' recently, has I)ccn seldom mentioned and uniformly considered hoi>eless. 

In 1687 Barlholinus^ first dcscrihc^l a large pulmonary cj-st in a 4-year-old 
boy who died of ^^raarasmus/’ Sir .Tohn Floycr,* in 1G9S, described the cystic 
alterations in tlio lungs of brokeu-wiuded horses, and Ids observation would bo 
equally applicable to human beings, Lnennee,’ liowevcr, was the first to put 
pulmonarj* cmplij'sema upon the list of j*ocoguizable diseases and catalogue its 
symptoms and pathologic changes. Lnennee stated that Ruysch and Valsalva 
had obser\’cd the dilatation of pulmonarj* cells and tJmt Morgagni clearly de¬ 
scribed this dilatation. 

Prom a review of the literature, there appears to be no uniformity of nomen¬ 
clature or opinion on the differential diagnosis of cystic lesions of the lung. The 
terminology apparently depends upon which portion of the clinical or patho¬ 
logic picture tlic author is describing. 

Congenital pulmonary cysts, congenital and acquired bronchiectasis, epi¬ 
thelial lined cavities following pulmonnrj' suppumtion, lung abscess, tuberculous 
■ cavities, cavities duo to fungus or parasitic infections, spontaneous pneumothorax, 
and the various tj'pcs of emphysematous clianges of tlio lungs must all be con¬ 
sidered in the differential diagnosis of Bo-cnllcd pulmonnrj' cysts. 

Cases of emphysema witli craphj'Bcmntous buUae and blebs have come to our 
attention with increasing frequency. It is the purpose of tliis paper to present 
the results of surgical treatment by intrncaiitary suction in nine cases showing 
these emphj'sematous changes in the lungs. 


PATHOGKNESTS 


The etiologj' of cmphj’sema is uncertain and its pathogenesis remains sub¬ 
ject to oxtciisive investigation. For the purpose of definition, Christie* classified 
^phj’sema under five types: hypertrophic, or chronic obstructive emphysema; 
atrophic, or scnilo emphysema; acute vesicular emphysema associated "with acute 
infections of the respiratory tract; localised, or compensatory emphysema due to 
atelectasis or fibrosis; and surgical, or acute interstitial emphysema associated 
^th chest injuries or artificial pneumothorax. Of those types, chronic obstme- 
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tive emphysema is probably the most important in the formation of bnllons em¬ 
physema, although any type could contribute to the check valve mechanism which 
produces bullae or blebs. 

The tenns “bullae” and “bleb” are used in this paper as described by 
Miller.® Blebs as well as bullae represent localized air pockets within the lungs. 
Blebs are located immediately beneatli the pleura, while bullae are idthin the 
lung tissue itself. In the case of the bleb, air escaping from a ruptured alveolus 
leaks into the subserous connective tissue layer of the pleura which is composed 
of collagenous and elastic fibers. The escaping air separates the pleura from 
the underljing alveoli. He noted advanced emphysema in all cases in which 
blebs occurred. Bullae are also caused by the rupture of alveoli, but the atrophic 
and dUated alveoli rupture into each other forming air pockets within the 
parenchyma of the lung with the pleura retaining its connection with the lung. 

Bullae usuall}’’ occur in patients unth clironie bronchitis or asthma, but they 
are occasionally seen in individuals with no demonstrable respirator}’- disease. 
One can speculate that in chronic bronchitis, the infection causes swelling of the 
walls of the bronchi, and this together with the thick tenacious secretions causes 
obstniction to free gaseous interchange. This valvular mechanism was found by 
Hayashi® on microseot^ic examination of bronchi communicating with emphysema¬ 
tous cavities. Spasm of the bronchial muscles in asthma has long been recog-- 
nized as an important factor in the bronchial obstruction of this disease. Vesicu¬ 
lar emphysema -with subsequent buUa formation is often seen following a severe 
pneumonia" or lung abscess,® where there is necrosis of the alveolar w’aUs. McNeil® 
in studies of pneumonia in children found that 20 per cent of the eases autopsied 
showed necrosis of the bronchial and bronchiolar walls. This necrosis might lead 
to rupture and inteistitial emphysema, which could dissect into the suhpleural 
layer to form blebs. With these similar pathologic processes occurring in the 
same area of the lung, rupture and fusion of the blebs and buUae may take place 
to foi-m huge so-called pneumatoceles. 

Compensatory emphysema is seen in atelectasis, and follo-wing lobectomy or 
pneiunonectomy.^® It is also a contributing factor in so-called “senile emphy¬ 
sema” where the chest becomes barrel-shaped -with increased thoracic volume.”’^® 

NonnaU}^ the active force of inspiration is greater than the passive action 
of expiration, but the elastic recoil of the lung and the changes in dynamics of 
the thox-ax deflate the unobstructed portions of the lungs. In partial obstruction 
of the bronchi, a volume of air is dra-wn into the lung but only a portion of air 
escapes, thereby creating increased intra-alveolar tension with subsequent stretch¬ 
ing, atrophy, and impture of the waUs.^® 

, In our studies of bullae through the thoracoscope, we have learned that once 
tension cavities have fonned, the d}’namics of their progression are reversed so 
that the destinictive force is now that of expii’ation instead of inspiration. These 
lai’ge emphysematous cavities are at least partially surrounded by elastic and 
compressible lung parench}Tna, and they are supplied air by tortuous, distorted 
bronchi. A typical bullous ca-\dty appears as a large air-filled sphere, the base 
of which is made up of long slender, interlacing strands of black pulmonary 
tissue. The dome of the ca-vdty is covei’ed -with a thin, white membrane of pleura. 
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crisscrossed \ritli n fine copilJarj’ network. Through this translucent niombranc 
the rib cage can be seen sliding back and forth with respiration, apparently be¬ 
cause of tlic absence of pleural adhesions. Long filaments of tightly stretched 
long tissue may be tented from the walls to the floor of the camty. During 
expiration, ns the iutrathomeic pressure increases, the pressure within tlie lung 
becomes greater than within the bulla. The pnrcnchjTna can Im sec7i to bulge 
into the cavity toward tho scope where many minute bronchial openings can be 
seen to appear among the strands of lis-sue. At the height of expiration, with the 
tip of the scope near the openings, the lens becomes fogged by tho incoming 
moist air. 

During inspiration, ns the intratlioracic pre.ssure decreases, the walls of the 
cavit}' expand because the pressure within them is greater than in the remainder 
of the lung. Tho parenchyma can he seen to recede from the scope, and the pores 
disappear as the iveb of lung fillers becoiiie compressed on one another. The 
tortuous bronchial openings to the cavity become more obstructed ns tho sur¬ 
rounding parcnchj-ma is compressed by the expanding cavity, and air is thus 
trapped within the bulla. Coughing or straining against tho closed glottis exag¬ 
gerates this check valve mechanism so that pressures within the cavity have been 
measured as high as plus SO mm. of mercury. Blclis present essentially the same 
picture except that the major portion of the eamty wall is made up of thin 
pleura. There is a smaller area of denuded Inng, and there are fewer broneliial 
fistulas than arc usually seen in bullae. 

It is apparent that emphj'scmntous changes in the lungs arc due to complex 
proccases. Any one or all of tho afore-mentioned factors, ns well as man}- un¬ 
known mechanisms, may contribute to the formation of bullae and blebs. 

Emphysema is found in 2 to 5 per cent of all autopsies.' It seems probable 
that bullous emphysema may become a more pressing medical problem in the 
future, ns tho antibiotics permit more persons to suivivc severe respiratory infec¬ 
tious, and ns more people live into the later decades of life. 

CU.VICAl, PICTUKE 

The s}Tnptomntology depends upon the underljing patliologic processes mid 
tho resultant phj-siologic clianges. Because of tho nature of emphj-sema, bullae 
and blebs usually are multiple, often arc bilateral, and BjTnptoms tend to pro¬ 
gress. Although some cases are entirely ivithout symptoms and are discovered 
on routine chest x-ray examinations, the majority of patients’ complaints are 
referable to chronic bronchitis or asthma, which are known to be associated with 
emphj'sematous changes. The presence of a large air space, essentially nonfunc¬ 
tional, can cause dyspnea and cyanosis by replacing space normally occupied by 
functioning lung. Tlio total capacity, as well as the ^^tal capacity, is reduced.’' 
The thorax may increase in size on the side of the lesion and the diaphragm 
hoeomo depressed to cause further mechanical impairment of the respiratory 
bellows. The intercostal spaces are widened, and the affected side lags on in¬ 
spiration. The bolbs or btdlae may reach sufficient size to cause mediastinal shift 
Md circulatory embarrassment. It is not uncommon for these patients to die 
of anoxia. 
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Chest pain is not infrequent and may be due to tension or to adhesions caused 
by readjustments of the lung due to pressure from bullae. 

Infection in bullae and blebs is extremely rare, in contrast to the frequency 
■with -which this compUeation is seen in other tjqies of pulmonary cysts. We 
have seen only two cases where this developed. These were apparently due to 
active inflammatoi'y processes in the lung immediately adjacent to the buUae. 

Emphysema and decreased respiratory reserve lead to obstructed pulmonary 
circulation,’® high pulmonaiy arterial pressure, and hypertrophy of the right 
side of the heart.’® With cor pulmonale the peripheral venous pressure in¬ 
creases,” and the patient -ufth fai-advaneed bullous emphysema may present 
liimself -with the sj'mptoms of right heart failure. 

Spontaneous pneumothorax is b}’- far the most frequent and dangerous of 
the sequelae. It is often recurrent and is the most common cause of death in 
tJie eases of bullous emphysema reported in the litei’ature.’®'^® Leaeh^’ has re¬ 
cently demonstrated that the etiology of spontaneous pneumothorax is due almost 
entirely to the rupture of emphysematous blebs and bullae, and only rarely due 
to tuberculosis, which was once thought to be the major cause of this complication. 


X-RAY FINniNGS 

Blebs and bullae appear on the x-ray films as areas of decreased density or 
increased biilUancy. They cause annular, ring-shaped shadows "with fine, hair¬ 
line borders which are in contrast to the heavy borders seen in inflammatory 
excavations.^®'®^ A slight haziness is often noted around a smaller bulla, and 
above or below a larger bulla, due to compression atelectasis of the adjacent 
parenchyma. The bullous spaces may be crisscrossed ■with lacy filaments of lung 
tissue. In advanced bullous emphysema the tension ca'vdties which produce the 
so-called ‘‘vanishing l-ung”®®'®^ may be difBcult to differentiate from complete 
pneumothorax. The heart and mediastinum may be displaced toward the normal 
side, and the diaphragm on the affected side depressed and flattened. In pneu- 
mothorax the elasticity of the lung causes it to contract around the hilus, form¬ 
ing a rounded stump. However, -with large buUae the hilar shadow appears 
narrow and elongated by compression, or may not be seen at aU, and the lung 
can be pushed peripherally where its shadows may be seen in the apex or costo- 
phrenic angle. Furthermore, in spontaneous pneuraothprax there is hkely to be 
fluid in the pleural ca-vity. Another differential clue was pointed out by Korol, 
who noted that there was a narroAving of the intercostal spaces due to the 
decreased intrapleural pressure of chronic pneumothorax, whereas there was 
a widening of the rib cage in the expansile ca’vities of emphysema. 

It is important to remember that the routine chest film often fails to reveal 
emphj^sematous ca'rtties. This is particularly true where the ca-dties are in the 
base of the lung. In this location their contours may be covered by bronchia 
markings of lung which may lie in front or in.back of the ca-dty. Where bullae 
or blebs are suggested, it has been our practice to take several oblique and 
•vie^vs. The films are exposed a few kilovolts lighter than normally calculat 
because of the decreased density of these lungs. 
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RATIONALE OP TREATMENT 

Emphysematous bullae nnd blobs require trefltmont because they are causing 
recurrent or chronic pneumothorax or because they are compressing the Inng 
nnd causing incapncifating dyspnea. 

The surgical attack may be directed toward release of pressure and the 
rerersnl of the clieck valve mechanism by drainage, the closure of the bronchial 
commiinications, or the excision of the diseased portions of the lung. 

Early attempts at treatment of tension cavities by thoracentesis gave only 
temporarj' relief of symptoms”'” and was often followed by shook, tension 
pneumothorax, nnd death.'"'' 

Eilicnthnl*’ in 1H20 reported the alleviation of .sj-mptoins of a tension cyst 
by temporary tube drainage with the use of a one-way valve. Croswell” reported 
another case of giant cy.st treated in a similar manner. The ej’St collnrised to 
about one-fourtli its original size, nnd the patient's clinical sjuiptoms disap¬ 
peared. Brotvn and Brock*' treated a large “balloon” cyst by continuous suction 
drainage tvitli gradual collap.so of the cavity. Di'ainnge was continued by mak¬ 
ing an Elocsscr cndocutnneoiw flap*’ until the lung was completely re-expanded. 

Thoracoplasty was suggested*” and used in a few cases without beneficial 
faults. Chondrcctomy was propo.sed by Freund*’ to relieve the intrathoracie 
pressure seen in emphysematous changes of the lung. This procedure failed as 
It obviously ignored the basic pathology and allowctl additional expansion of 
the lung. 

Lipiodol injected into the cavities was sometimes followed by relief of symp¬ 
toms. This may have been duo to blocking of tbo bronchial fistulas with oil or 
by inflammatoiy changes.*”' *'• *” Sclerosing solutions have also been suggested. 

Transthoracic closure of bronchial fistulas in tension cysts was described by 
^ood in 1934.** Recently Naclcrio nnd Langcr”” reported an additional four 
iifiaes treated in a similar manner where they used the walls of the bulla or bleb to 
lover the defect in the lung. We have treated one case by excising the roof of 
tho hleb nnd re-expanding the lung with suction drainage. 

Excision of bullao is not surgically possible because there is no epithelial 
lining or cleavage plane. However, segmental i-csection, lobectomy, or pneu¬ 
monectomy may bo performed if tho disease is not too extensive or bilateral. 
Recurrent pneumothorax and chronic tension pneumothorax, due to rupture of 
blebs or bullae, often force the hand of the surgeon to exploratory thoracotomy. 
The method of treatment then depends upon tlie findings, which often cannot 
accurately predetermined until tho chest is opened. Tyson,"' Meade,” and 
Clagett"" have used this approach successfully. 

Transthoracic e-xploratlon should be avoided, if possible, as thoracotomy 
alone may produce inilammatorj" changes of tlie lung and pleura that may 
aanously impair -rital capacity which may already have reached minimum func¬ 
tional tolerance.”* 

Because some of our patients with large bullae wore in such critical condi- 
tioig major surgery could not be undertaken, and it was felt that intracaidtary 
(Iramage -was the only procedure that they would tolerate. Our initial efforts 
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met with sueli success that we have now come to regard it as the procedure of 
choice in most cases. 

The point of optimum drainage is chosen by studying the various x-ray 
views and selecting a site where the bleb is adjacent to the chest waU. Under 
local anesthesia, an extrapleural exploration is done to determine whether or 
not there is pleural symphysis. In every case to date a free pleural space has 
been foimd, and it has been necessary to produce adhesions with gauze packing 
before the catheter could be inserted. The constancy of this finding suggests 
that the absence of pleural adhesions is necessarj^ for the formation of the blebs. 
It seems probable that the inflammation which produces adhesions fixes the 
Aaseeral pleura so that it cannot be separated. 



A. S. 

Pig. 1, A and B (Case 1).— A, Chest x-ray film taken July, 1945, showing absent lu^ 
markings In upper two-thirds of left side of chest and beginning changes In right apex. ^ 
Film of December, 1946, showing progression of disease. 

The gauze pack is removed as a second stage procedure, and the wound is 
allowed to heal before proceeding with the catheter insertion. Pi’cssure readings 
are then recorded, a thoracoscopic examination is done, and biopsies are taken, 
if feasible. A multiple fenestrated catheter is then placed well into the cavit}', 
sealed at the skin edges with an airtight dressing, and connected to a water-seal 
bottle. If air continues to escape through the bottle and the lung has shown no 
evidence of re-expansion after a few days, a Stedman suction pump is added and 
adjusted to maintain a negative pressure of minus 10 to 20 cm. of water. 
expansion has usually occurred in one to three weeks. The catheter is allowe 
to remain in place an additional few days to cause inflammatory obliteration o 
the space. The mechanism of re-expansion is believed to be twofold; the vicious 
cj^ele of events causing a check valve tension cavity is broken by substitutmg a- 
gentle, physiologic, negative pressure which allows the re-expansion of surroun 
iug, compressed, atelectatic lung; the catheter acts as a foreign body causing 
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effusion and iiiflummator}- closure of tlio bronchial fistulas. Gross infection, 
which wa-s a stumbling block to tlii.s type of treatment in tlie past, can now bo 
controlled with antibiotics. 

It should bo pointed out that this type of treatment is difficult Ijecause it 
requires considcmblo time, meticulous attention to details, and persistence in 
drainage to obtain ro-o.xpnnsiou of the lung. The rasults, to date, have been 
gratifjnng, but it will be nccc3,snrj- to carry out a long follow-up study on these 
patients to determine the outcome of this tyjrc of procedure. 

Intracardtary suction drainage does not give satisfactory results in epithelial 
lined cr’sts which arc better treated by excision. We have inadvertently drained 
this tjTK! of cyst in the past. In future ca.se.s. where the differential diagnosis 
IS not po.saible preoperatively, we feel that careful thoracoscopic examinations 
should bo performed, and biopsies taken if necc.ssnrj’, before the ultimate type 
of therapy is decided. 



1. O and D (Caao 1)._ O, Cnthetor In left bulloua cavity. JO, Bnllno decompreaaed; left 

lone expanded- 


CASE REPORTS 

Case 1.—R, q,, a 50.year.old ivlilto man, was admitted January, 1947, with a history of 
thronlo sovoro dyspnea and acute abdominal distention. He had been previously hospital- 
'T'd for treatment of asthma and chronic appondlcsl abscess. The patient stated that the 
'•thma had become progressively worse during the past five years and that he had a 
f^tant cough prodnetivo of smali arnonats of thick, sticky oputum. Ho was bedfast 
of dyspnea and said that ho had boon taking 10 to 20 e-o. of adrenalin dnUy by 
"'“’ihier to help him “reach for his wind." Hospital work-up revealed a partial intestinal 
“Mtrection and far-advanced hnllbus emphysema. In a revlow of l-ray films taken July, 
there was noted absence of long markings in the npper-half of the loft side of the 
° *“d a slight decrease in markings in right upper lung field (Fig. 1 J). The film of 
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Flff. 1, E, F, ana O (Case 1)— B, Catheter In right bullous cavity. F, Lateral view showing catheter In bulla, a. Postoperative film with both 

lungs re-expanded. 
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the present admlscion ehowed proffrOCTion of the dlscnvo so that lung markings "were now 
tbfcnt in tho nppor throc*foarthfl of the left aide of the cheat and tho upper half of the 
right aide of the cheat (Fig. 1 J3). At exploratoiy laporotomj' adhesions were cut to relieve 
the imall bowel obstruction. Aitcr a stonnj* postoperative couno, tho patient was trans¬ 
ferred to tho Thoracic Surgery Service where it >vns decided that intracavitary suction was 
the only poasiblo form of tliompy that tho pallont might tolomtc. The vital capacity was 
050 C.C. Tho usual threo-atago Jtonnldi procedure was carried out on tho loft aide, as it 
was neceaaary to produce pleural aymphyala before insertion of the enthetor. Intmcavitarj’ 
pressure readings wero recorded at plus 10 minua S ntm, llg on qulot expiration and in¬ 
spiration. With coughing the needle arvung to plus nO {as high ns tho mnehino rogiatored) 
and back to minus 20 on deep inapirotion. Thoracoscopy revealed a huge bullous cavity 
similar to a picture of theao cavities described provionsly. Biopsy of tho wall of the cavity 
revealed inflaramatorv* tlasno, pleura, and a forv distorted aIvcolL Tho diagnosis was com¬ 
patible "with that of bullous emphysema. A catheter was tlicn placed in tho bulla and 
.connected to a water-seal bottlo (Fig. 1 C). Rc-exponMon of tho loft lung ocenrred in fen 
<^ya with a resulting inerenao in vital capacity to l.SOO c.c. (Fig. 1 D). Tho some pro- 
cednre waa done on the right aide (Fig. 1 E and F) where a similar cavity was found. Tho 
right long re-cxpanded, except for n amall apical portion, after three weeks of wnter-senl 
drainage, but tho catheter became twisted and waa removed. Another catheter was rein¬ 
serted Into the roaidnal cavit}* at a later date. Continuous suction drainage bj' Stedman 
pomp was necessary* for an additional four weeks to obtain maximum ro-oxpansion (Fig. 
1 0), Tho patient’s vital capacity waa then incrcnFcd to 3A*'^ c-f* sensltixutiou tests 

ffCTo all negative for extrinsic allergona. lie Is now capable of carryitig on full daily activity 
sod bos had no complaints except for vorj' occasional asthmatic attacks. 



A. —• 

^5. ! (Cmo j, _Bronchoirram .howintr eeprctslon of upper lobo bronchi from ljUatenil 

"Plcil bleb*. B, PostopemUve x-ray flim roUowinff decompreMlon ot bleb*. 



, . 2.—Q. E., a white mnn, B1 yenra of age, was adailtted October, 1S47, with com- 

Ptant* of gradunEy iacreaulne dyspaea for tho pa«t four years, end pain in tho right 
PNr ride of the che»t for one-month. Ho had booa diaohargod from tho Army In 1044 
“ '^“BPoeli of cystic diseaso of tho loft long. X-ray oiamlnation revealed absent lung 
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markings in the upper two-thirds of the left side of the chest and the upper half of the 
right side of the chest. Bronchograms showed the compression of the upper lobe bronchi 
toward the bases of the lung (Fig. 2 A). Because of tliis depression it was possible to see 
several centimeters into both upper lobe bronchi at bronchoscopy. The usual three-stage 
Monaldi procedure was started on the left side. Thoracoscopy revealed a huge spherical 
cavity with thin, whitish translucent walls. An area 3 cm. in diameter at the base of 
the cavity showed some gray, shredded lung tissue with only a few visible bronchia] com¬ 
munications. Because of this small area of denuded lung, it was felt that the diagnosis 
was compatible with that of emph^-sematous bleb. The bleb was decompressed, except for 
a small apical portion, within tliree weeks. The catheter then became twisted and had 
to be removed. It was found that the fenestrations in the tubing had been made too 
large and allowed the walls to collapse. An attempt was made to place a catheter in the 
residual portion of the bleb, but because of lack of pleural S3Tnphysis a surgical pneumo¬ 
thorax was obtained. After the lung had re-expanded a catheter was successfully placed 
in the bleb and it was quickly decompressed. The thoracoscopic findings in the right side 
of the chest were similar to those described on the left. Catheter suction drainage resulted 
in complete re-expansion of the right lung in two weeks (Fig. 2 B). The patient’s vital 
capacity was increased to 3,350 c.c., and he was able to carr}' on vigorous activity without 
dyspnea. 


Case 3.—E. AT., a 02-year-old white man, was admitted December, 1947, with complaints 
referable to chronic bronchitis and arthritis. The patient had had sjuaptoms of chronic 
cough for ten .years and graduallj' increasing dj-spnea for the past two years. X-raj' exami¬ 
nation revealed absent lung markings in the upper one-third of the right side of the chest 
with some herniation of the mediastinum toward the left. Vital capacity was 1,370 c.c. 
Monaldi drainage was carried out with re-expansion of the right lung in four weeks. 
Biopsj' revealed pleura and a few atrophic alveoli. The diagnosis was compatible with 
that of emphysematous bulla. Vital cnpacitj' was increased to 2,530 c.c. 

Case 4.—S. S., a 31-year-old N'egp'O man, was admitted Julj', 1947, until sjTnptoms of 
epigastric distress and pain in the left upper side of the chest. He was discharged from the 
Arm}' with a diagnosis of chronic pneumothorax on the left. Complete gastrointestinal 
work-up was negative. Chest films revealed absence of lung markings in the upper one 
third of the left side of the chest. Thoracoscopic examination showed bullous changes 
similar to those described previouslj-. Decompression by electric suction pump was accom 
plished in the usual manner in three weeks. Vital capacitj’’ increased from 2,080 c.c. to 
3,400 c.c. 


Case 5.— J. B., a 45-j'ear-old white man, was admitted Juno, 1945, for treatment o 
peptic ulcer and chronic bronchitis. IJlcer 83 'mptoms wore relieved with medical manage, 
ment. X-ray examination revealed two large emphysematous cavities in the left 
lobe with some evidence of old inactive tuberculosis. There was a small amount of m 
in the anterior cavuty. Examinations for tuberculosis were all negative. The anterior 
cavity was decompressed with Alonaldi drainage in three weeks. The fluid within e 
space proved to be sterile. Diagnosis from biopsy of the cavity wall was compatible wi 
that of bulla. The patient refused further surgerj' and was discharged at this time. 


Case 6.—J. O. B., a CS-j'ear-old white man, was admitted December, 1945, for trea en^ 
of severe dyspnea. He complained of asthmatic attacks and progressive dyspnea o^ 
twenty years. The patient was cyanotic even with maximum respiratory effort w ^i^^ 
sitting in a wheel chair. X-ray examination revealed absence of lung markings m 
left side of the chest with the mediastinum shifted to the right. Bronchograms s ow 
the terminal branches of the left bronchial tree compressed against the mediastinum ( 

3 A) and pushed anteriorly bj' a tension cavity located posteriorly (Fig. 3 B). Vita ‘^P** 
was SOO c.c. After an extrapleural pack was inserted, the patient became more 
and sank into coma. Because of the patient’s extreme condition it was felt that eco 
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pression was necessary at once. The gauze packing was removed one week after it had 
been placed m the extrapleural space, and a trocar and catheter were advanced into the 

fo’- one day and then showed signs of increasing dyspnea. 
onm.m fi! "O'^ealed the catheter in the buUa and also a tension pneumothorai The 

rnm^ catheter into the pleural space. The pneumothorax was quickly de- 

of the left lung was accomplished 
his home recently contacted, the patient was found to be activLbont 


chest ’ 10-year-old white boy, was admitted for treatment because a routine 

shift complete absence of lung markings in the left side of the chest, with a 

S sleL!l”‘;nr. completely asymptomatic and engaged 

cavitw th three-stage drainage was done and a catheter placed into the 

Z2^ t'lrough the anterior part of the chest. Within a few days fluid, containing gram- 
Inrlfl °rSanism, developed m the cavity and temperature went up to 104° F. Another 
the envif-r-^ cr was placed in the base of the cavity posteriorly. The fever mitigated and 
for fl reduced in size. At discharge, the left lung had re-expanded except 

tomnfir ^ I containing a little fluid. The patient remains asymp- 

Bpcjhiqo follow-up study is being carried out by periodic x-ray examinations. 

thflY- fTtic^ ^ inar'ed reaction following the insertion of the catheter it was believed 
in Hio -F haie been an epithelial-lined cyst. This mistake could be avoided 

uture by careful thoracoscopic study of the cavity and biopsy of the wall. 


. ^ ’ j ’ ^ ^^'ycar-old white man, had been hospitalized for over one year for. 

paci a ng yspnea. Asthmatic attacks began five years previously. Dyspnea had been 
progressive in the past two years. The patient was cyanotic and dyspneic at bed rest, 
1 en w en using all accessory muscles of respiration. There were findings of early right 
ar ai ure. Laboratory studies indicated a marked secondary polycythemia. . The 
ou me X ray ^ examination showed far-advanced emphysematous changes with areas of 
rease ensity (Fig. 4 H). Bronchial markings could be seen extending to the periphery . 
01 the hmg fields. However, the obUque (Fig. 4 II) and lateral films (Fig. 4 C) revealed 
f ZZ ous cavities. Catheters were inserted in the usual manner, into large bullae 
a 0 h bases with decompression obtained in two weeks (Fig. 4 D). The patient has been 
leve of some of the dyspnea and is semiambulant. Catheter drainage is contemplated 
e remaining several large bullae. In advanced, multiple, bilateral bullae, there is a 
qu^ ion of how long the patient will be benefited, and how often the procedure will have 
repeated. The fact remains however, that the patient is much improved at present. 

Case 9. L. C., a 28-year-old white man, was admitted with symptoms of marked dyspnea 
on exertion. The patient was discharged from the Army in 1941 with a diagnosis of cystic 
isease of the right lung. He had had no symptoms referable to his chest up until that, 

^ examination revealed only scattered markings in the right side of the chest 
an a efinite displacement of the mediastinum (Fig. 5 j 4). After adhesions were produced, 
thoracoscopic examination revealed many thin-walled cavities that appeared like “soap- 
su 8, which would rupture and coalesce when touched with the tip of the scope. A 
wtheter was inserted (Pig. 5 S), but very little benefit was derived. Because of these find¬ 
ings an exploratory thoracotomy was done. Multiple cystic degeneration of the entire 
right limg was found and a pneumonectomy performed (Fig. 5 C). The patient states that 
his “wind” is now better than ever before in his life. 


SUMMARY AND CONCLUSIONS 

1. Patients with bnllous emphysema are being seen by the thoracic surgeon 
■with increasing frequency. In the past, the surgical treatment of emphysematous 
blebs and bullae has been considered hopeless. ■ 
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2. The pathogenesis of Iciiaion cavities imd tlioir cJieck valve mechanism is 
discussed. The x-my and clinical picture is outlined. 

3. The methods of treatment are reviewed and the intracavitary suction 
drainage procedure is presented. It is Mieved tliat this is the procedure of 
choice in certain types of emph3*scmnton3 cavities. Eight cases arc presented in 
which jpTitifying results have hcen obtained by this method. 


8 . 

0 . 

30. 

U. 

33. 
15 . 

34 . 
IS. 
10 . 
17. 
IS. 
10 . 

20 . 

21 . 

90 

23. 

24. 
26. 

20 . 

27. 

28. 
29. 


RnFEKENCES 

. BflTtholinus, T.*. in ^f. yialpighi Opera Onmia. London, 1CS7, R. Littlobarj*, pp. £MP*350. 

. noycr, Sir John: Trcntlne on Aalbrnn, 1C08. 

, Ltonnee, R. T. IL: Troatiso on Di^enpes of ibe Client and on ifedlato Anpcullation, 1839. 

, ChrijUo, R. V.: Emphyaeran of the Lung, Brit. Encyc. Med. Bract, i; 608-519, 1937. 

Miller, W. 8.; A Study of the llumnn Pleura Pulmonnlls; Its Reinlion to the Blobs and 
Bullae of Eraph\’scran, Am. J. Roentgenol, 16: 2‘ii)-407, 1026. 

Idem: A Further Study of Emphyaemntous Blelts, Am. J. Roentgenol. JB; 42'47_, 1027. 

Idem: The Lung, BprlngHold, Ill., 1037, Charles C TUomat, PublUhor. 

Ilaynshi, J.; Ucl>er TotHchcn Ihioumothorax durcb Inforkt and ETnph\'s(*m. Frankfurt. 
Zischr. f. Path. 16: 1-30,1914. 

Benjamin, B., nnd Chlldo, A. E.: Locallicd BuUous Eiupbyacma Associated tVitli Pneu- 
mouln In Children, ,T. Pediat. 16; 021C32. 1039. 

Ofehsli, IV. R.: postoperntivo Bullao Following Lung .Sbpccss, Am. .T. Roentgenol. 62: 
US'liS, 1044. 

MeXeil, C., MacGregor, A. R., nnd Alexander, W. A.: Studies of Pnoumonia in Chil¬ 
dren, Arch. Dis. Childhood 4: 111-124, 1020. 

Idem: Bronchiectasis and Filirosis of Luug, Arch. Bis. Childhood 4: 17O-160, 1029. 

Ixjngacre, J. J,, and Johansmann, R.: An Kxporimontal Study of the Fate of the 
R^olnlng Lung Following Total Pnoornonectomy, J. Tnoiucic BdbO. 10: 131-150, 

TieuTid, ^Y, A‘.: Her Einfluss der Brimarcn Erhraokoogon des Knorpligen Thorax auf 
Entatchong Gowlssor Luncenkrankhalten, Vcrhnnill. d. phys.-mod. GoselUch. xu 
JVCrzb. 9: 2231, 1&60. 

l^>eshlcc, IT.: Haodhuch der Spericllon Pothologischcn Anatomic nnd Hlitologie, Vol. 3, 
L Honcke, F. & Loubarach, O., 192S. 

Best, 0. IL, and Taylor, K. B.: Physiological Basin for tlio Practice of Medicine, Balli- 
more, 1045, tVilHams & AVllkins Company. 

Aaltreldor, Kolau L., nnd Fray, Wnttor W.: Pathological Physiology of Pulmonary 
Cysts nnd Emphysomatoua Bullae, Am. J. M. 8c. 107: 02-73; 1930. 

Hamraan, L.; Emphysomo, in IT. A. Christian, Oxford Medicine, Vol. 2, Part 1, Nerw 

^ Oxford University Press, pp. 08-81. 

Beott, R. w., and Garvin, G, F.i Cor Pulmonale (Bolo of Emphysema) Observation in 
60 Autopsy Cases, Am. J. Heart 22: 60-63,1941. 

Aonntx, W. B- Aloiander, H. L,, nud Powell, P.: Emphysema Simulating Cardiac 
Decompensation, J. A. M, A. 03: 3309-1371, 1029. 

Cnmmer, C. L,: Recurrent Pneumothorax; Report of a Case, "With Review of the 
Literature, Am. J. M. Sc. 160: 222-227.1910. 

Kjaergaard, Hans; Spontaneous Pnoutnoluortvx in th© Apparently Healthy, Acta med. 
Senndlnav., mipp. 43, pp. 1-159; 1-93,1932. 

H,: Chronic Bilateral Spontaneous PneunioUiornr, Brit. iL J. 2: 779-780, 1933. 

Oechsli, W. B., and Miles, 8. u.: Simultaneous Bilnloral Spontaneous Pneumothorax, 
Rev. Tubere. 30: 230-255, 1034. 

Aorol, E., and Ensign. 0. F.; Bullous Emphrsonm or Bllatoral Pneumothorax, Radiology 
23: 223.227, 1034. 

'VUJeox. A., and Foater-Carter, A. F.; Spontaneous Pneumothorax, Associated With 

■pj .^'JDons Emphysema, Lancet 2: 31^317,1937. 

9.: Extreme Bulla Formation, Bnt. J. Tiiberc. 31: 293-295,1937. 

-warns, H. J.: Extensive Destruction of Limgs: Emphnema With Oinut Bullae; 

. Autopsy, Radiology 36: 402-494, 1043. 

Adams, R.: Fatality ^om Rupture of Emphysonintous Bleb After Subtotal-thyroldec- 

J. toi^, Lfthey CUtt. Bull. 2: 214-219, 1942. 

^jcaeb, X. E.: Pneumothorax in Young Adult Males, Arch. Int. ^fed. 76 : 204-208, 1945. 

Lvans, 'w. A.: Significance of Annular Bhadows, Am. J. Roentgenol. 6: 510-512, 1910. 

^wnpron, H. I*, Heiso, F. H., nnd Brown, L,: A Study of Pulmonary and Pleural 
Annular Radiographic Shadows, Am. Rev, Tubere. 2: 664, 1910. 

Amoe^n. J, B.; The Nature and Differentintlon of Pleural Annular Sliadows, Am. J. 
Boentgenol. 12: 438-443, 3024. 



776 


THE JOURNAL OP THOKjVCIC SURGERY 


31. Amell, S.: Annular Shadows in the Lungs Caused by Subpleural Emphysema, Acta 

radiol. 8: 252-256, 1927. 

32. Laurell, H.: Ein Beitrag Zur Der Sogenannten Eingshatten in den Lungen, Acta radio]. 

10: 72-119, 1929. 

33. Burke, E. M.: Vanishing LungSj Eadiology 28: 367, 1937. 

34. Allison, Stanton T.; The Vanishing Lung: Eeport of a Case of Advanced Bullous 

Emphysema, Ann. Int. Med. 17: 139-148,1942. 

35. Korol, E.: Paradoxical Breathing, Arch. Int. Med, 61: 272, 1933. 

36. Anspach, W. E., and Wolman, I. J.: Large Pulmonary Air Cysts of Infancy, Snrg., 

Gynec. & Obst. 66: 635-645, 1933. 

37. Pearson, E. P.: Cystic Disease of Lung, Illinois M. .1. 67: 28,1935. 

38. Schenck, S. G.: Diagnosis of Congenital Cystic Disease of the Lung, Arch. InL iled. 

60: 1, 1937. 

39. Sellors, T. H.: Congenital Cystic Disease of the Lung, Tubercle 20: 49, 114, 1938. 

40. Parmelee, A. H., and Apfelbach, C. "W.: Congenital Air C 3 'st of the Lung, Am. J. Dis.' 

Child. 41: 1380-1388, 1931. 

41. Debro, E., and Blinder, H.: Volumineux Kyste Broncho-pulmonaire Chez un Unfant de 

Quinze Ans., Bull, ot m6m. Soc, m6d. d. h6p. do Paris 48: 818-823, 1932. 

42. Lilienthal, H.; Cyst of Lung, Arch. Surg. 18: 292, 1929. 

43. Croswell, C. V., and King, J. C.: Congenital Air Cvst of the Lung, J. A. M. A. 101: 

832-834, 1933. 

44. Brown, A. L., and Brock, W.; A Method of Treatment of Large Pulmonary Air Cysts 

(Balloon Cysts) by an Endocutaneous Flap, J. Thoracic Suro. 11: 617-631, 1942. 

45. Eloesser, L.: Operation for Tuberculous Empyema, Surg^ Gynec. & Obst. 60: 1096, 1935. 

46. Eloesser, L.: Congenital Cystic Disease of the Lung, Surg., Gynec. & Obst. 62: 747- 

758, 1931. 

47. Freund, W. Z.; Zur Operativen Behandlung Gcwisser, Lungenkrankheiten, Insbesondere. 

des auf Starrer Thoraxdilatation Beruhenden Alveolaren Emphysems, Ztschr. f. 
exper. Path. u. Therap. 3: 479, 1936. 

48. King, J. C., and B[arris, L. C., Jr.: Congenital Lung Cyst, J. A. M. A. 108: 274, 1937. 

49. tVood, H. G.: Congenital Cystic Disease of Lungs, J, A. M. A. 103: 815, 1934. 

50. Naclerio, Emil, and Danger, Lazaro: Pulmonary Cysts. Special Eeferonce to Surgical 

51. Tyson, M. D.: Surgical Management of Solitarj- Cysts or Cj-st-like Structures of Pul¬ 

monary Origin, Ann. Surg. 118; 50, 1943. 

52. Meade, E. H.: Personal communication. ■. . 

53. Clagett, 0. T.: Surgical Treatment of Emphy-sematous Blebs and Bullae, Dis. Chest 

16: 669, 1949. 

54. Adams, V’’. E.: Differential Pressures and Ecduced Lung Function in Intra-Thoracic 

Operations, J. Thoracic Shrg. 9: 254-262, 1940. 

(See discussion on page 79S.) 



EEVIBW OF SE^^3N YEAFS’ JiXPERlENCE AVITH INTRACAAOTART 
(MONALDI) DRATKAGE OF TUBERCULOUS CAAaTIBS 

Warrinek AYoodhoff, JI.D., Saranac Lake, N. A'., AAGnfield 0. Keiaev, 5I.D., 
Nobwicii, Conn., and (ny invitation) All-vn Stbanahan, M.D. 
Aldanv, X. r. 


I.N’THODUCTION 


TN DISCUSSING Dr. Ilend s' paper on iiilrncnvifniy drainage before tliis 
i Association in 104+, one of us (AY. AY.)' presented n siiinmar}- of our results 
on 35 patients treated up to tlint time. Our .series now leprcsents 100 enidtios 
in 90 patients ivho 'were accepted for intraeavitary drainage l)ctwecn August, 
1910, and Dee. 31, 1917. AYliilo ti-entnient of 11 of these patients was tegim 
during 1947, and thus tlicir follow-up study lins been limitcil, the reninlndor 
have been obseiwed for-one to seven years. Tlie size of the group and the 
period of obsciwation warrant this report. 

In July, 1938, Afonaldi’ and his collaborators at the Carlo Forlanini 
Institute first dcscribeel this method of tiTating tubeieulous cavities. It consists 
in catheter drainage and the application of suction, AYliilc prcnously ninny 
snrgeons had drained an occasional tuberculous eavit.v, the method was not o.'c- 
. tensivoly used until these modifications increased its simplicitj’ and effcctiic- 
ncss. It is now a valuable adjunct to our suigicnl armamentarium iu the treat¬ 
ment of certain tuberculous enn'ties. Since the original report, this method has 
been tried and studied in many countries, and Alonaldi’ stated that some 400 
articles concerning it have now niiiicarecl in the world literature.'"” In support 
of this procedure, he has stressed certain theoretical considerations concerning 
cavities, the most important of these being that the size of a cavity may be out 
of all proportion to the amount of c.vcnvatcd lung. A tubcieulous caiity arises 
Iroin caseation of the pulmonary parenchyma with subsequent evacuation of the 
debris. A caiitj’ enlarges by progressive evacuation of its caseous center ar^/ 
or because of mechanical factors. These mechanical factors arc both endo- 


cavitary and eitraca-vitary. . . 

The endocavitary pressure depends upon the patency of tho draining 
hronchi. Many authorities feel that if a bronchus is completely blocked, air 
win be absorbed from tho cavity and tho waRs will tend to approrimate. More 
commonly, the affected bronchus is only pai-tinlly closed by granulation or 
fcarring and acta as a ball valve, making it pMsiblo for air to enter dimng 
inspiration but difficult to escape during e.vpiration. In snob a case, the intra¬ 
cavitary pressure becomes positive and tho cavity tends to enlarge, become 
'Phoricah and may have a fluid level. This enlargement results in compression 
'd the adjacent lung parenchyma. Such cavities have been variously termed 
pressure,” tension,” blocked,” or insufflation” cavities. AYhen successive films 
chow alteration in’ the size of tho cavity without evidence of e.vtension of dis- 
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- is <iuo .0 Change, ia „,e 

tension to fill the largei hel^itW L under constant 

functioning thoracic cao-e and dianln-ji ^^piration by a normally 

theniedJinamisktofted^^^^^^^^^^^ -^^en 

IS increased. Fourth scarriutr and flUvr. because of disease, tension 

tension on adjacent 'areas All nf tl ° Pai^nchyma tend to increase 

toward cartty eXrUS?.' '' tend.. 

Is Jl‘Zd“!s;\x“'s -ff “r *■■ 

compressed lung and cvitli little si cdjaeent area of. 

type has freguStIv ilnlil , ^“*’>8 In our experience this 

in closing some in wWoh tlie™ •“ dramngc, hut we have succeeded 

cavity. In Xer ea« tit o, slT “ "“i” «•' 

patient experienced niVrt n ^ '"'’'‘■I “'‘““ge appreciably in size, the 

e.vpeotoraCtrrtti2^^^^^^^ 

INDICATIONS 

stated that i metJiod as an independent procedure and ■ 

.years have been hopi^^f *^^^*’®^*-^^”®PP^’o^niately 100 patients who for some 
illness ” our indicAf' ^ perfect health and display no symptoms of 

to this Associating and have been similar to those presented 

Gordon-Tn™ 47 

either for iyycavltary drainage primarily as a salvage procedure 

by its use thp n I^ far-advanced bilateral cases or iu the hope that 
indication In a be prepai-ed for more definitive surgery. A major 

liminarv to thnv^^^ i ^ ef reducing the size of a large cavity pre- 

less extensivp thoracoplasty would need to be 

. less ^tensive and would be more successful. 

be aunrppi'n+r^^^i ^las been employed as a palliative procedure may 

iuvolvement at'some'^ttaT'T^^ contralateral 

extensive. Li 46 natiPTnt^'+i^ instances the contralateral disease , was 

empyema on the eontral^erarrtdr' 

Freq^LlyL\lTbten\flTttl -acute tuberculosis or recent spread, 

where the to u • -fittle Value in such cases, but there have been instances 
feasible improvement lias rendered thoracoplasty or resection 

\fOTo for. HirG+^*?i certain patients iu wliom respiratory reserves 

Wpto lieon ,1 .Pistify coUapsc or resection. Iu all quertionable cases we 
TieneQAmnr nnlirT advicc of Dr. Gcorgc Wright, who has undertaken tlic 

onaiy function studies in his laboratoiy, of pulmonary physi- 
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ologj’ at Trudeau Sanaloriuni. In two patients ago was a relative indication, 
in that they were considered uiLsuitahlo for tliomcoplnsty. 

- ^ Attempts were made to iuti-oducc catheters into residual posttbomcoplasty 
cantics in 3 patients. Tcclinicnlly this has been difTIcult. In one the catheter 
could not bo introduced on two attempts. The second was later converted to 
a cavemostomj*. A third is too recent to evaluate. It is dangerous to insert 
a largo trocar into a narrow slitliko cavity close to the mediastinum. One 
sucli ntterai)t in 1948 M'ns followed by fatal licniorrhage. Even if successful, 
one would expect only symptomntie improvement because of the rigidity of 
the regenerated thoracic cage. AVo feel, however, that this is an indication ■when 
resection or revision is not feasible. 

Drainage is now employed ns a preliminarj* lo Ihorncoplnstj' for any largo 
cavity, bccanso such cnntics arc notoriously resistant to collapse by any typo 
of thoracoplasty. The cfTcctivoncss of prethoracoplasty drainage in reducing 
the siio of cn^*itic3 has been obsen-cd by many surgeons.*^’ In our hands, 
when there has been a long interval between the anterior resection and the 
sub^uent posterior thoracoplasty, the extent of thoracic collapse has been 
limited by the regeneration of the anterior rib ends. Our attempt to modify 
this will be described under Teebnique. 

Table I presents on analysis of the indications in our series, and it ^rili be 
wen that practically overj* case presented more than one indication. 

Table I. Indications 
(Frequently’ More Than One) 


1. Bilateral pulmonary* tnbcreulosia 8^ 

Opposite fide had: 

Civity 27 

TJncipanded pncuniofhorai 8 

Empyema 4 

Thoracoplaaty 0 

Paraffin plonibage 1 

40 

2. lArffo cavity* 51 

3. Cavity ■with acute spread of dli*cn8c 30 

4. Limited respiratory reservo 11 

5. Age of patient 2 

0. PreviooB unsuccessful thoracoplasty 3 

7. Befused thoracoplasty_1 


thu have had positive lntraca\itar>‘ pressures, but we have been unable to determine 

‘"IS fact except by manometrlo readings. X-ray Interpretation has frequently been unreliable. 

After the decision to perform intracavitary drainage has been reached, 
there are certain practical considerations, the most important of which arc 
the size and location of the ca'vity. It is tcclmically difficnlt to introduce a 
trocar into a small caritj;. A largo tension cavity in the upper lobe with littlo 
surrounding disease is the ideal indication. It allows the tube to bo inserted 
anteriorly where it interferes the least with subsequent tlioracoplasty. Lower 
lobe cavities should bo approached posteriorly. This has many disadvantages. 
The chief one is that the location of the tube interferes with the normal 
thoracoplasty or resection incision; second, the motion of the scapula has 
tilted in dislodging the catheter on several occasions; and third, a catheter 
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in tills position is frequently uncomfortable. Three patients liafrng posterior 
drainage have had thoracoplasty and resection. 

Aspiration of a caidty at the apex of the lower lobe through, an anteiior 
incision has been successfully accomplished in several instances, but we have 
abandoned it as we feel it carries an unjustifiable risk because it is impossible 
to be certain that the intei'lobar fissure is obliterated. Oui* two operative 
fatalities occurred in tliis group, the first from hemorrhage following the 
wounding of a branch of the pidmonaiy arterj’- in the middle lobe, and the 
second fr’om a pneumothorax due to traversing an unobliterated interlobar 
fissure. The subsequent empyema proved rapidly fatal. 

For many of the patients subjected to intracavitary drainage, the only 
alternative would have been cavernostomy. Drainage is simpler and cleaner, 
the aftercare is less, and there is the advantage of continuous negative pressui'C 
in the cavity. In two cases the Monaldi w'as subsequently converted into a 
relatively small cavernostomy. The disease Avas arrested eventually in one 
patient but only after lobectomy in the other. 


CONTRAINDICATIONS 

Our only contraindications liaA'c been (1) a histoiy of profuse hemoiThage, 
(2) a free pleural space, (3) a caAuty too small to enter with a trocar or 
inaccessible to safe and simple drainage (such as near the hilum), and (4) 
multiple ca\dtation so extensive that even successful drainage of one or two 
cavities would offer no reasonaljle hope of palliative relief. 

The greatest hazard in drainage is a free pleural space. The failure to 
find a pocket wdth the exploratory needle is not proof of pleural symphysis. 
A blunt trocar Avill frequentlj^ sepai’ate pleural surfaces Avhen no space can. 
be fomid by a needle. 

TECHNIQUE 

Technique of drainage is divided into tAvo parts: the first is the obliteration 
of the pleui’al space, and the second is the actual insertion of the trocai- 
Various methods of obliterating the space have been advocated, including the 
intrapleural instillation of the patient's oaati blood, sulfanilamide ciystals, or 
talc. "We now resect the intercostal muscles, usually together Avith a section 
of the first and second ribs, sprinlde sulfanilamide eiystals on the endothoracic 
fascia, and pack the Avound Avith gauze, close the skin, and then remove t e 
pack in five days. Table II gives the number of cavities for which eaci 
method Avas used. In 13 instances early in the series, no demonstrable 
space was found Avith the exploratoiy needle and the trocar was success ) 


Table U. AIethods op Obliteratino Pleural Space _ . 

“■ " ~ ,T r, --- ~ ~ ~ T r'.. ~ - ■— T ^ 

1. No demonstrable pleural space 

(exploratory needle) , 

2. Injection of blood -o 

3. Pack rrithont rib removal io 

4. Bib removal ndtli or without pack _---^ 

In 2 paUents too 111 for pre-ilonalcU packinu or rib resection, a pneumothorax 
found and tliere was no further attempt to Insert the trocar. 
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iRtrodiiccd. Tlici'c were -1 iiiaInnocR in wliicii envily olosure wns obtainwl with 
pfo-Monnldi rib rraection nloiio. Two followed nntcrior resections nnd 2 
posterior resections. 

The nmount of rib removed depend.s iiiion niitieipnted Inter trentment. 
If it is a purely pnllintivc procedure with no hopo of Inter thoreeoplnsty, ex¬ 
tensive lengths of the tiiiper two or thni' rilw are tnken; however, the effect 
of extensive dccoatalisntion on pulmonaiy function must lie considered. If 
thoracoplasty is deemed likcl.v, we remove the first eo.stal cartilage and a 
reasonable length of the first rib. If if is necessary to remove a bit of the 
second rib, this is tnken lateral to the eo.stal eartilngc nnd ns small a section 
ns possible removed. This is a recent change in techni(|uc nnd hns been 
necessitated by tho relatively iioor ulfiinnle eollnp.se if the nntcrior segments 
have regenerated before the thoracoplasty is |M-rfonned. If a small segment of 
rib and costal cartilage hns been left anteriorly, it is po.ssible, at the time of 
the thoracoplasty, to remove tho remnining anterior segments through a small 
separate anterior incision. This permits a better collapse. At tho time of 
posterior thoracoplasty, rib resection is alwn.vs terminated short of the point 
at which wo arc likcl.v to break into the sinus tract. Dn two occasions the siuus 
tract was inndvcrtcntl.v entered. In neither instance did infection develop. 

Insertion of the onthoter under fluoroscopic control is advised. When 
possible, this hns been performed two to three weeks after tho packing. The 
location and depth of the cavity arc itseerlnined with a 10 gatige aspirating 
needle, nnd when tho enrity is entered, manometric readings arc obtained. 
Prom Table III we see timt in 47 cavities a-spirolcel the pressnres were positive; 
in 2G, they were neutral; nnd in 9, they were negative. 

T,\bi.e hi. Mf.ax r.AViTV Fnnssrnn 

I’mitlvc 

(plus IM: to 

Kcutnil 

Nopntivc ^ 

_ _( minus to nitnuw ______ 

Occiisionally, sputum "will bo obtained through the aspirating ueedle. 
When this occurs, it is proof that the needio is in tho cavity. In one instance 
tho cavity disappeared ■\vlien air was withdrawn, and it was impossible to 
nisert the trocar. Tliis cavity subsequently reopened and was closed by 
^oracoplaaty ulthout further attempt at Monaldi drainage. There have been 
instances in which it was impossible to locate tlic ea\’ity "with a needle. In 
one such instance wo wore forced to conclude that the film lind been mis¬ 
interpreted and the cavity, if present, was ranch amallor than it seemed. 

The Kupka modification of the Monaldi ti-ocar is used. The safety flange 
is set at the proper depth, as determined by tho aspii-ating needle. The needle 
is withdrawn and the trocar is inserted at the same point, in the same direction, 

to the same depth. Manometric readings ai-o again verified; tho catheter 
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(No. 13 French) is inserted as far as it -will go and the teocar -withdrawn. The 
catheter is secured to the skin by a clove liitch of heavy silk fastened Avitli 
adhesive. This holds the catheter ^nthout compressing the lumen. The position 
of the catheter is immediately cheeked by stereoscopic and lateral films. 

Complications of insertion have been minor. The most common has been,, 
lileeding. This Avas of sufficient extent in 20 per cent to be noted on the record. 
In certain instances the bleeding had vitiated pressure readings or rendemd it 
wise to discontinue the attempt temporarily. One hemorrhage, which Avas later ’ 
fatal, occurred A\'hen the trocar Avas inserted despite the fact that brisk bleeding 
Avas encountered AA’ith tlie aspirating needle. There Avas one air embolism Avitli 
tomporaiy hemiplegia. Small pnenmothoraces have on .se\'eral occasions been 
a complication. If one is discovered AA'ith the aspirating needle, further attempt 
should be delayed. Pneumothoraces AA’hich are not found imtil after the 
insertion of the catheter arc more troublesome. In only one instance Avas it 
necessary to aspirate air. One developed an empyema Avhich proved fatal, 
as previously mentioned. 

Table IV summarizes the complications of trocar insertions. Of tlie 100 
cavities originally accepted for drainage, there aa’bs no attempt at trocar, 
insertion in 9; in 7 of these tlie pre-hlonaldi procedure resulted in such im¬ 
provement that drainage Avas considered unnecessary, and in 2 others the 
attempt Avas not made because of the rapid deterioration in the patient s 
condition. 


Table IV. Totai, Tkocau Insebtjon.s —113 ix 91 Cavities* 


COMPLICATIOXS PIIIIIXG IXSF.RTIOX 

1. Bleeding 

(1 led to fatnlitj') 

2. Air embolus 


.1:! (29%) 
23 (20%) 


(nonfatal, temporary liemiidcgiu) fcrf\ 

.3. Pneumothorax pocket ^ (h%>l 

(1 led to fatality) ^ 

(a) Pack ^vithout rib removal - 

(b) No prc-Monaldi , 

(c) Rib removal, no pack, but talc and sulfonamides I 

(d) Rib removal, no pack 

(e) Present method 

(1) Resultant pyopneumothorax from traversing 
unobliterated fissure, and death ((lasc 81) 

(2) Pneumothorax ivithout complications, tube 



•More Ulan one attempt to Introduce trocar: 

2 patients had 4 attempts 

3 patients had 3 attempts 
11 patients had 2 attempts 


POSTOPEUATIA*E C.VRE OF MONAXDI DRAINAGE 

Suction is not applied for tAventy-four hours. Thereafter, a 
negative pressure of -20 to -30 cm. of Avater is maintained for tAven y 
hours a day. For this purpose one of us (W.W.)^' has devised a ca ^ ^ 
a small electric motor, a constantly registering aneroid manome er, 
mercury safety A'alve which can he set for any Ica'cI. Eailj^ m e 


WOODRUW ITT AU,: INTHACAXTTARY nHAIXAOR OP TUUERCULOUS CAVITIES 783 

pressures ns low as -50 niifl -100 were used tcmiKimrily wliile tlio secretion wns 
tliick nnd tenneions, l)ut it wns felt ibnt such liijjlily negative pressures weie 
not safe, ns it wns observed tlint tbe nmonut. oC sanguineous drainage wns in¬ 
creased. If fbero is frank bleeding, siiclion is discontinued for one or two 
daia. In two patients tbe occurrence of large bemorrbages made it advisable 
to abandon tbe procedure nnd witbdiaw tbe eatbotcr. Slonnldi*-' felt Ibnt an 
intormittont negative prcs.suro is bolter tbnii a constant ono, in that it involves 
less risk of traumatizing the tissue. We prefer to maintain a constant negative 
level. 

It Ls not uncommon for tbe sinus tract to become secondarily infected, and 
the amount of scerction may become pioCusc. Occnsionnlly a obest wall abscess 
has developed around the catheter. This has been incised and drained. 
Streptomycin, when used cither intramuscularly or by topical application, has 
cleared many of them promptly. Certain patients, however, have lost rcslstanco 
to the tubercle bacilhns to such an extent that the adjacent soft tissues have 
melted nwa 3 ’ nnd the disease has progressed rapidl.v. Otherwise, dressings 
arc not a problem. Catheters are usuallj’ replaced monthly. At tbe time of 
the'first change the eatbotcr is usnall.v shortened so Ibnt its tip barolj' reaches 
the iwsterior wall. 

Blood or blood-tinged drainage was reeonled in 45 per cent It was 
ttstially a minor problem and cleared when suction wns discontinued for a few 
days. In only two instances was it so profitsc that the catheter wns withdrawn 
. snd the method discontinued. Table V summarizes the late complications of 
the series. 

Table V. CouriJc.wio.ss Anm Iksebtios 

1. JJleoding through cntliclcr ' " ~ ' 07 (45%) 

(2 revere enougli to force witlidrawnl of catheter) 

2. Chest wall abscess or sinus around tube 10 (10%) 

3. Perforation of posterior envitr wnil uritli resultant 

_ empyema; tliomcoplnsty and thoracotomy _1___ 

EFFECT OF OAVITV DICMNAOE 

As a general rule there wns marked cliiiicnl improvement almost im- 
, mediately. Some patients have a mild febrile course for tbe first few days, 
but thereafter most of tlicm experienced a sense of well-being with the reduction 
in the size of tlie cavity. Fro'bably tho most significant factor in this improve- 
,mcnt was tbe external drainage of tbo sputum, with the resultant decrease 
m cough and c.xpcctoration. With the relief of symptoms there tended to be 
an increase in appetite and a gain in weight. DcsAutols nnd Hayes” published 
detailed rtudies on several of the early patients in this series upon whom 
follow-up study had been done up to ono year. 

Cavities tend to closo rapidly when subjected to drainage. Table VI is 
an analysis of cavity hoharior. Of tho 82 into which a catheter was introduced, 
•10 were eventually closed without further therapy, 33, within six months. In 
33 other instances the cavities became smaller, arid in only 9 (^d they remain 
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Table n. Effect op Monaldi on Cavity Drained 


1. Cavity closure 



Within 1 month 

6 


1 to 3 months 

21 


3 to 6 months 

0 


G months or more 

7 

40 (49%) 

2. Cavity smaller 


33 

3, Cavity unchanged or larger 


9 

Total drained 


82 


unchanged or lieeome larger. In Case 2 tlie cavity could not be visualized at 
twenty-four hours. 

Tubercle bacilli may disappear from the drainage in one month or less. 
In the presence of positive sputum and negative drainage another focus is 
suspected. An interesting observation has been that occasionally drainage has 
become negative wlule a cavity is still present. Table VII gives statistics on 
the disappearance of tubercle baeiUi from sputum and drainage. 


Table VII. Spotuii and Drainage Statistics 
(S2 Cavities in 76 Patients) 




DRAINAGE 

SPuruJi 




(CAVITIES) 

(PATIENTS) 



1. Time of initial disappearance of tubercle bacilli by 

concentrated smear: 



1 month 

5 

9 



2 months 

15 

C 



3 months 

0 

5 



4 months 

. G 

4 



5 months 

2 

1 



6 months or more 

0 

9 




40* 

34 



2. Always positive 

42 

42 



Total 

82 

7G 

_- 


*Of the 40 negative drainages tlie sputum remained positive In 18. 


Extensive bacteriologic and pathologic studies have been performed by 
others on tuberculous caidties under various conditions. Steenkeu, D’Esopo, 
and Wolinslvy®® have reported their studies on excretion of streptomycin into 
tuberculous cavities. In 24 samples of intracavitary drainage in patients who 
were receiving streptomycin intramuscularly in dosages of 1.8 to 2 Gm. daily, 
they found an average concentration of 7.7 /xg. per cubic centimeter, varying 
between 1 and 18 /xg. The average, concentration of the drug in the blood at 
the same time was 13.3. 

RESULTS OP TREATMENT AND LATER PROCEDURES 

One hundi-ed cavities in 90 patients were originally accepted for treatment. 
In 7 instances the preliminarj’- rib resection was followed by dramatic improve¬ 
ment. In 4 of these the cavities closed and in the other 3 they became so 
much smaller that drainage was thought unwise and thoracoplasty was per¬ 
formed in one. In 9 patients, repeated attempts were made to introduce the 
trocar, but were unsuccessful because of technical factors. These factors were 
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the size or location of tlic cavity. Two patients wore so ill that, follow¬ 
ing the preliminary stage, it wa,s deemed unwise to proceed further. Catheters 
wore actually inserted in 82 eavitie.s in 7G patients. Four patients had 2 
cavities drained and ] patient had 3. Table VIII summarizes the entire group. 


Tabu; ATI I. Arccerm ron JIox.viBt 



PATIENTS 

(DO) 

CAVITIES 

(100) 

1. Pro-ilottaldi rcaultoil in improvomont *o ifonnldl 
not dono (ravltr rlosuro in 4) 


7 

£« Catheter coahl not bo Introduced 


9 

3. Catliotcr not introduced i)ecftuw* of <iefcriom(ion 
in patient’s condition 


2 

Totnl dminnee 

7C* 

82 

Bex: 03 mnlcs, 37 females 

Afpj: AvemRO, 33 (mnRO from ID to 01 years) 




•Four patlontrt hnd 2 dmineil. 1 patlvnt Imd 3 cavities dra/ne<L 


Forty Canties were closed by drainage and, of these, the catheters wore 
removed or extruded from 7, in G patients, and the canties have I'cmained 
closed for periods ranging from eight months to four and onc-balf years 
(Table IX). In eleven others (Table X), the cavities reopened in from tlireo 

T.uu.r I.\". Catuctt.p. Oft—Cavitv KmiAixnt) Cujrfjj 


7 Crttillcf la C Patient* 


niiR CL.\r.<m since 

REllOVAL OF CATIlETnt 

NVlIBEn 

8 raontlis 

1 

U roars 

3 

venra (1 bilnteml) 

3 


weeks to fifty-nine montlis. Obviously thoro is no assurance that a cavity may 
not reopen long after the removal of tlic catheter. In certain instances in 
which this has occurred, it has l>ecn possible to re-establish dramage. It is 
logical to porfom tiiomcoplaaty, when iios.siblo, rather than to trust that the 
cavity will remain closed. 


Tadli: X. Tube Out akd Cavitt ItcorEsnn ra 11 Paticnts 



INTERVAL BETWEEN RElfOVAL OF 
fUTITETER AND REOrENlKO Of 

CAVITT 

NUilBCn 


Less than 3 months 

2 


3 montlis to 1 year 

7 


20 months 

1 


CD months 

1 


Total 

11 


When should a catheter be removcdl Wo do not know. Wo have seen 
no HI effects from.maintaining drainage indefinitely. One patient. Case 2, has 
Iwd drainage continuously since August, 1940, because she refuses to allow 
the catheter to be removed, despite the fact that she has had a negative sputum 
Md has been working full time in a sanatorium for several years. In general, 
in those patients' for whom drainage is a palliative procedure and for whom 





786 


THE JOURNAL. OF THORACIC SURGERY 


no other therapy is available, we have left the catheters in indefinitely unless 
they were extruded. 

For those patients w’ho have been sufficiently improved by di'ainage to 
justify collapse or resection, we have not wthdrawn the catheter untd definitive 
surgery has been completed and, if possible, until the resected ribs have rd^ 
generated. Following catheter removal, most sinuses healed promptly, although 
streptomycin has occasionally been necessary. There have been instances of 
subsequent reopening after initial healing. This has usually been associated 
^vith reopening of the cavity. 

The most heartening aspect of tlvis method has been the number of patients 
who have been successfully prepared for further surgery. It has been noted 
that as one cavity becomes smaller, an adjacent cavity may become larger. 
For that reason we have felt that, Avhen a cavity has been controlled by 
drainage, the improvement should be secured bj-" thoraeoplast}% if possible. 
Table XI shows that 30 patients have already had definitive surgery, and 
there is an excellent prospect that ultimatclj’’ it may be possible for an additional 
6. Thus 33 per cent of the entire group have already had the benefits of sub¬ 
sequent therapy. In only 76 patients, however, was drainage successfully, 
carried out. There were 5 others® Avho obtained sufficient improvement from 
the pre-Monaldi so that it was thought wise to omit tube insertion. Of this 
total of 81 patients, 30, or 37 per cent, have already received more definitive 
therapy. In addition, there are 6 othei’S who may yet have the advantage 
conferred by permanent collapse. 


Table XI. Subsequent Pbocedures 


Thoracoplasty 

Cavemostomy 

Cavernostomy and lobectomy 

Thoracoplasty and pneumonectomy 
or 

Pneumonectomy and thoracoplasty 

25 

1 

1 

3 

Total who had more definitive procedure 

30 (33% of entire 
series) 

Thoracoplostj' probable 

6 

Total who have had or may have 
more definitive procedure 

3C 

i_. .. ■ ■ 1 i 


Some of the thoracoplasties have not been as mechanically perfect as vc 
should wish because of the regeneration of the anterior stumps before the 
posterior collapse could be completed, and also because, in view of l^te 
respiratory reserves, we have not dared to make the collapse as extensive as 
the amount of the disease warranted. 

Table XII is a summary of the present status of the 90 patients. On j 
19 are regarded as “apparently well” and 31 are already dead. We anticipate 
that,, uith. time, several of the remaining 40 will be classified as “apparent^ 
well.” It should be remembered, too, that 11 of these patients were accepte 


•As seen in Table AUIl, there were 7 patients with aralned. 

[onaldi procedure. In this group 2 patients had 2 cavities eac^ 1 had 

oth of these 2 patients have already been tabulated in the total of 76 patients 
■alnage. Accordingly, only 5 can be counted In the present tabulation. 
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TAniiE XII. Present Status 


Apparently nrell: 

Monnldi alone 

7 


With Bubseqaent procc<lure 

32 

la 

Htill curinc; 

Cavity closed 

3 


Subsequent procedures 

14 


TuIk) stiU iu 

32 


(To Imvc Uionicoplnsty, rt) 

Tube out, cavity open 

n 


Tube never inserted 

5 

40 

Dead: 

After subsequent procc<luro« 

W 


All others 

2.) 

31 

Total 


1)0 


for treatment iii 1947 and there has not boon n olionrc for the disease to be 
arrested. 

^ilo the mortality rate is already high, it is cnconmging that so for 19 
patients have apparently been reclaimed by this molliod. Many others who 
have not hod arrest of their di.seasc have had their lives pi-olongcd witli marked 
amelioration of their sjTuptoms. 

Of the 31 deaths, only 2 can be attributed to the treatment per sc. 

Tables XITI and XIV show the time and cause of death in all eases. 


Table XlII. De-VTUs as RtMTco to 


3. Tube never Inpcrtcsl 
2. Early, ^thin 1 inonJli 
Ilemorrhnpfe 
Empyema 

T-ato 

Lera than 1 >*efir 

1 to 2 yenra 

2 to 3 years 

3 to 4 years 
Over 4 ^•enr8 


]1 

0 


24 


Total 


ni (34.4%) 


TABTiE XIV. 0.\U8I» op PEATir 


Progression of disease 21 

Postthoraconlasty, postpnennioncctomy, 1 
Withstood tnoracopiQsty, 2 

llemorrhnge, either side R 

Empyoma 1 

Air embolism, Into 1 

■Withstood thoracoplasty 

Polmonary tnsufflcloncy 1 

Post thoracoplasty 

NontuberciUoos 2 

Uypertension and nephritiH, 3 

8ai^de, postthoraeoplasty, 1 _ 

Total 31 













8-4 -40 


A.S. 

7 - 9'47 


2 IS 

Group J; J’our coaes are presented in which Monaldi alone looa used 

Fig. 1 (Caae 2).—A. S., woman, aged 27 years; i*ing/,br6ncli^ 

disease, onset, 1929, left; pneumothorax, left, February, 1936 , une^ c.c,i'^Bttky. 

stenosis left main, tuberculous; cavity, right, note Kesplratory-ff^^® 

temperature to 99.2° F. Pleural space, right, found to be ^nwra ■ yj"tlon, ’'■■Ca*iV?iS£u?Si 
stumes on July 5, 1940, revealed extremely low maximum minute vot Tvltii'‘.cattet^^ 
sorted Aug. 3, 1940. B, Lateral view showing posterior ^tns: « 

place, 0, Twenty-four hours later, cavity not visualized, working 

S5^d sWe Aug 4, 1940 ; sputum ^d dminage negaUve stag 

medical secretary for several years. Patient refuses to have (IJOK 


It should have been removed s 
Clinical progress of this patient 
an4 Ha^es.") 


ears. Patient refuses to nave ^ g^j. mgaw 

several years ago. She slJU applies c 
It during the first year of drainage was pun, ^ 
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18).—D- P.. mnn need 21 yearn: Indication: mlllatlve. j 1. Bilateral apical 
OaCEky IV iinitum: tcniperoturo 67 to 99* F.; ollnteral pro-Monaldl packlnr, 
without rib rejection, Jan. S9. 1943; catheter Inwrted, rlsht. May 8. 1942. S, 
not vlaualjjed. dralnaao nerativo. June. 1942: catheter Inserted, left. Julv 14. 
' Q n’rJi Immediate decrease In else of ca\ity: pouibio development of new cavity medially. 

1^41 from both cathetora negative after October, 1942; catheter, right, removed June. 

l^t, not vlauallied after October. 1942; catheter, loft, removed wptember, 1943. 
jii t •. 1048, for amall adjacent cavity. D, Repeat phrenic, left, Jan. 6, 194E ; 

: both cavltlea have remained closed; sputum nejmtlve nlnco Doc. 13. 1948. 
x-r».v patient, March 31. 1945, ntated •Vorklng on form, feeling flno, have not had an 

for eome time." 
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. A..Bnatcral • 


Fig. 3 (Case 33) 
disesLse; pneumothorax. 


(Case 33).—I. B., woman, aged r’^^^ind' pfellral ,^'i'.‘^p^e-Monaiil 

to„ 99ji“ J-. a ,X‘^*AprU 7, ISiijPreB- 


rlD resecuon, anienor ejiu oi ‘ *f'view: position ppt Visua*' 

sures +12, -6; first drainage GalTlty 3v. O, Lateral ex v incident. D, gputum 

of lower lobe : If true, catheter traversed fissure positive Oct. t|^\,'er. 1944: 

l£^ since June. 1944 ; drainage neeaVve, July and removed Noxem^^_ 

IfegaGve Oct 5, 1944; drainage "fSatlve Oct 16 well, tlolng own house 

pr&ent status; cavity closed, sputum negative, na» 




F.C. 

6-1546 
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Group II; These two cases had drainape and thoracoptasty p”*^_ggglble pre- 

FIe. 5 (Case 45).—M. L., woman, aged 32 years: Jogs’: giant »vlW 

thoracoplasty. A, Acute bilateral disease: febrile; toxic: mareed we g fourth ribs 

formation, right upper and lower. B, Resection of anterior OTds or lateral view, noW 

on Jan. 20, 1945 : Insertion of two Monaldl catheters, nlghh Feb. 14. ^ PreUioracoplasw 

that lower catheter has traversed the oblique fissure 'without maae improved, 

film showing marked reduction In size of cavities; Patients cond ion^g^g. jo^r 
Thoracoplasty completed March 30, 1946; upper Monaldl aa'^eter re markedir 

catheter removed Oct. 14, 1946 : present status {nt“f teen "ionttsp pjanigram. 
improved, small amount of poslth’e sputum, residual basal cavity os p 
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«?).—A. B, woman, 86 years; Indication: paniatlva, pcaalble pre- 

pr^ilonalrtr tnberculcwli with recent epreadj; cavlt>' loft, with fluid level: 

anterior ends of the first to third ribs on ilay 1*. 1948; catheter 
•D. Soven-t-n, Lateral view. O. Cavity closed; sputum and drainage necatlve. 

Of Dec. completed, December, 1948; cavity closed and sputum negative as 
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Gtouv III: One patient had Monaldi folloxoed hy resection and then thoracoplasty. 

Fi^. 7 (Case 71).—H. A., woman, aged 23 years; indication: paUlative. posslb^e^pr^^ 


Fig. 7 (Case 71).—H. A., woman, aged 23 years; indication: palliative, 
thoracointtsty. A, Acute disease, right, with two larce cavities; patient raising i446' 

Gamvy V sputum; temperature to 100” F B, ?^gteri?r pre-Mon.ddl Performed SepL 19, 
with resection of segments of the seventli to tenth ribs- two posterior cafhetera laser 

cavities, symptomatic improvement appar- 

II, temperance atove 98.6“ F. O, Lower catheter removed, Januar 3 % -IV 1911, 

enUy closn at time; pneumonectomy, right, through anterior ineleion, 1 e . 

and remal^ng catheter removed; thoracoplastj' completed May 24 , 1947. Pre 
sputum negative; small residual draining sinus; Insidious Increase of not \^ual- 

tlon through resected lung. Note contracted scirred lung. Cavity in upper lobe not 
Ized; caseous focus In mid-lung apparenOy remnant of lower cavity. 
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R.M. 

\\-a 


Group ly; patlenta tcerr foUotced from <BiHaI dralnnffo to doath (Co^es 62 and 81). 

8 <Cajo B2). — R. il.. woman, aced *1 yoara; IndkraOon: palllaUvo. A, BllatertU 
cavity formation both lunff*. In 1932 largo cavIUe*. right and left: artificial 
t^^Uwrai, rlchC 1933 to 1934 ; artificial pneumothorax^, left, 1936 to 1941: began worklnr. 

June 1944 hemoptyala: development of cavlfr on right: later, two cavltlea, loft: at 
aputum Gofncy IX temperature to 100* F. B, Pre-JJonaldl, bilateral. March 29. 1946 ; 
iSr.JJ? free pleural space; right, anterior section of first rib removed; catheter Inserted In 
29 on April 37, 1945, pressures +5. -3. O, Insertion of catheter on right, June 

csvihII®’ prcMurea +3, -3; drainage both sldoa, GafTki- 11; no appreciable change In slio of 
teririp®^,"•» Ihsertlon of second catheter on left. May 16, 1940 ; throuch large sinus, left an- 
ohoet wall; bilateral Improvement of cavltj'-bearlng areas that were drained; 
19.47 hew cavity (fourth) left base; sputum and drainage positive; death. Feb. 12. 

progressive tubcrculosla. 
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Figs, 1 to 9 sliow, by a scries of films and accompan.^nng legends, the 
progress of 9 rcprcscutntivo pnticnts who Imvc been su))jocted to intracavitary 
drainage. 


summary 

1. Intmca^^taly dminago lias l)ccn nscd as a salvage procedure, both as 
a palliative in otherwise hopeless cases and ns a method of preparing certain 
patients for collapse therapy. Without this help most of them could not have 
had their final surgerj*. 

2. The mctliod has been descrihe<l, detailed tables presented, and several 
representative series of films .shown. 


Tlio cooi>ortiUon of the follon-ing pliyniriauK nnj i«aDfttoriunn has mado tJiJs study 
posiiblo; Dr. John N, ITnycs, Dr. J. ^00(18 l>r. Ilonry W. Lcctch, Dr. Francis B. 

Trudeau, Dr, Daniel M. Brumficl, Sanntorhini Oftbriolji, Will Rogpra ^IcmoTial Hospital, 
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discussion on ' ‘ iNxnACAviTjvr.T SUCTION (monaldi) in the treatment of emphysematous 
BULLAE AND BLEBS” BY DR. JEROME R. H&\D AND DR. EDWARD E. AVERY,* AND 
“review op seven years’ EXPERIENCE WITH INTRACAVITY (MONALDi) 
DRAINAGE OF TUBERCULOUS CAITTIES” BY DR. WARRINER WOODRUFF, 

DR. WINFIELD 0. KELLY, AND DR. ALLAN STRANAHAN 


DE. PAUL C. SAMSON, Oakland.—Tlie differentiation between so-called blebs an 
intrapleural pulmonary cysts is a very important one. There is too much confusion in the 
literature between these two entirely different pathologic entities. I would question, how^ 
ever, whether one should split hairs, as it were, in trying to differentiate blebs and bullaoj 
it seems to me that the pathology is so similar that there is little reason for trying 
distinguish between them. 


In so far as treatment is concerned, the authors have agreed that Monaldi rama ^ 
is, for them, the treatment of choice. I cannot argue too strenuously with that 
have never tried the Monaldi procedure, but I can with some assurance spea o 
surgical treatment of the lesions, and I believe that our results are good enough for surge 
to.be considered not infrequently in treating these conditions. 

(Slides.) In the first place, the pathology is such that I am unable to tell 
drainage can completely relieve the condition. This slide shows multiple 
laid-open in the upper lobe. They- were not visualized in the x-ray examination. e 


*See page 7G1 for article by Head and Avery-. 
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Intorlacin^; atrantlfl of nlvcolar popta und mtjltlplo in tUo base. Tlicso nro not 

tfMicm fj3ts; Trlien tho lung Ifl rcmo\*cd from the body Uipy all collapse. 

l)r. Dagan and I hare performed opcmtlona on 7 IndWdunlfl; one a bdatcral 
lobectomy and ia tho only caw in 'which total lobectomy vtob done. 

In tho othor patients, oxcislonal snrgory was performed by clamping across normal 
long beneath tho base of tho cyst, oicising tho cyst and tho subjacent battered parenohjimu 
There was minimal sacrifice of normal lung. In ono patlont, 5 cysts woro removed, vary¬ 
ing in diameter from S cm. to 3 cm. Sneh an cxjierience speaks for a surgical, rather than 
fl factional approach in many Instance?. We Im^e had Iramcdlato ro-cxpauslon of tho 
long in all eases. Of course, many of theso pationts may appear to bo In poor physical 
condition prior to oi>eration, becaaso of dimlmihol vital capacity. This sitnatlon is 
remedied immediately, howevorj as soon as the tbonut is open and tho giant blob deflated. 

DR. W. E. BURNETT, rhiladolphia.—I would like to commend Dr. Head tind Dr. 
Anery on thin vciy- ingeniouB way of npproncliing thmn most diltinult problem.. I wish I 
had known about tbla HK)nor, but In tho past wo have u.«cd the surglcnl approach, as Dr. 
Stunaon haa done. It is noteworthy thnt In thnao pntientn, an haa been called to oar at- 
toatloa this morning, many tlmcn tbo nynta arc not dcmnoafrablo; I nm ualng tlio term 
tyat, meaning blebs and bullae. A great many bare not sliown idcatlllablo nllorgj*, although 
a good many hare been Improved by bronchiol rolnxants oad aerosol of ponlcilUn. Ono 
patient that seemed too diffuse for operation has greatly Improved nlinlcnlly. Dr. Rosomond 
"ad I havo operated oa npproilmately 11 of these pntlenl.s, with great relief up to three 
Iran* in all bat 2. 

(Slides.) As you see, this patient had an extremely large cyst. It was resected, and 
It sraa very simple to remove this largo cyst witboat rranovlng any signilleant amonnt of 
lung. In another patient, wo have token ont scTcral cysts from the right side, including 
parts of eoch lobe, without doing a lolwctomy; wo reservo that for intropulmoaary cysts. 
As long os tho lesion eon bo rceognited, it corlainly stoms wise to icmovo it, despite tho 
faet that there in decrenso in pulmonary function. After operation the fonetion rapidly 
Improves. Tho compres,sed lung of ono imn, who bad had a similar large cyst in tho chest 
for five years, wns seen to nMiipnnd rapidly nt operation when the hulln was removed and 
positive pressare was applied by tho aacstlietiat. 

IVe have comparative studies on the more recent cases, and postoperative studies on 
oven tho earlier cases. Oue man had n reserve of 45 pr cent before operation, 23 liters 
ma^mum breathing capacity, with 70 per cent oxygen utniratioa on tho right and 21 per 
omit on the loft, rostoperativoly, tbo 43 per cent reservo was increased to 70 per cent, 
■sith tho distribution equal between tbo two lungs. Wo think this is nn effective method of 
dealing with large blebs or bnllac, but tbo lesion must be locnhied, not ditfuse, and ex¬ 
tremely ill patients mny present too much risk. Tho simpler, although more prolonged, 
method nsed by Dr. Head and Dr. Avery offers great vnlao, particularly since tho disease is 
usually a progressive ouo, and therefore, nay surgery which docs not remove tho cause Is 
ualr palllnUve, nltliough a great deal of relief can bo afforded in properly chosen cases. 
At any rate, great effort should be mode to find and eradicate etiological factors in 
eombination with cither method. 

' DB. AUTHUR ATKEBERG Montreal—The subject of largo tension cavities should 
•w reviewed from a different point of view. Tho procedure of in tracavitary drainngo is 
u nsetul one. It should bo employed ns a preliminary proeedore in tho treatment. of all 
tension cavities. Tho pmctlco of treating moribund, or nearly monhonJ, cases by Inlra- 
cavitary drainage throws dlacredlt on the proeednre. The so-called salvage cases do bmlly 
°o matter how they are treated- 

• la reviewing a group of thoracoplasty remits in Montreal, wo havo not been pleoe«l 
'cith the number of persistently positive cases. The thoracoplasties liave been perforrne,] 
many different surgeons in our district; usuaRy tho collapse appears to be eicellent. 
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pneumotliorax, thoracoplasty, and other collapse therapj' procedures. Our restriction of 
Monaldi drainage to patients presenting unsuitable indications for other forms of treatment 
when used alone probably accounts for our rclatirely poor results, as compared with others' 
series, in patients with a better prognosis. 

DR. J. D. MURPHY, Oteen.—I wish to make two brief points. In a series of 15 
patients we have used Oxj’cel gauze* to cause a fusion of the pleurae. In fusion of the 
pleurae previous to the Monaldi, a site is selected nearest the peripheral point of the 
cavity, and under general anesthesia an intercostal incision is made down to the endo- 
thoracic fasical plane. The parietal pleura is dissected with finger and gauze dissection over 
an area sufficiently large to insert a 4 by 4 square of Oxj'cel. The wound is then tightly 
closed. After ten days to two weeks wc have found the pleurae fused and have inserted 
a catheter through a trocar in the usual manner. Wc have occasionally resected a piece of 
rib in making this dissection. Tliis modification saves the patient considerable time in that 
one stage of operation is avoided, that of removal of a gauze pack and subsequent delay 
of insertion of tlie catheter. 

These 15 patients have been a part of a series of attempted salvage cases. The patients 
have had extensive bilateral disease with a large cavity in one apex. The bilateral disease 
was so advanced as to preclude consideration for major surgery. Following the insertion of 
the Monaldi catheter and initiation of pneumoperitoneum therapy', there has been a distmet 
improvement in this gfroup and wc have already performed a thoracoplasty with conversion 
uf sputum in 5 of them. The thoracoplasty was preceded by an average of six months’ 
pneumoperitoneum therapy with catheter in place. 

DR. EDWIN J. GRACE, Brookly'u.—The big problem of the tension cavity I do not 
think can be solved by using detergent antibiotic therapy as an aerosol. In fact, this 
patient became progressively worse by the inhalation method, and it was found unsatis- 
factory. (Slides.) As you can see tlio tension cavity became enormously enlarged as a 
result of using the aerosol method. Wliile waiting to produce a chemical obliteratihg 
pleuritis over the posterior aspect of the tension cavity, in order to put the detergent 
antibiotic synergistic solvent directly into the cavity, the patient left Brooklyn to see Dr. 
Overholt, who performed a lobectomy. A recent follow-up study eight months after tlie 
operation provided us with the information that the patient is doing very well. 

DE. HEAD.—My participation in this work lias been very happy. I suggested that 
it might work, and Dr. Avery has made it work. He has heen responsible for taking care 
of these patients and for the surgery done upon them. 

Dr. Samson said that it was not important to distinguish between bullae, blebs, and 

cysts. I feel that it is important. Progress in medicine and surgery depends very mnc 
upon increasingly fine distinctions between disease entities. Lack of discrimination and oose 
and inexact use of terms always create confusion. Bullae, blebs, and cysts are distine 
and different conditions, differing in etiology and pathology and in the indications or 
treatment. It is very important that we do differentiate between them. In doing so i ^ 
interesting to remember that it was William Snow Miller, to whom we are aU tween 
so many ways, who described the important etiological and anatomical differences e 
bullae and blebs. 

Dr. Graham has asked whether, once deflated, these hlehs remain so, or whether, as 
the case with tnherculons cavities, tliey re-open. So far nU of them have remained c ose 

DE. WOODRUFF.—I just want to comment on the discussion of Dr. Vineberg. I 

tliink tills procedure definitely has a place in the treatment of large tcMion cavities. 
are no longer performing thoracoplasties over large cavities without previous 
I should like to show two slides which illustrate why we have modified our pre oracop 
procedure. 

•Manutacturecl by Parke, Davis & Company, Detroit, Jlich. 
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(Slide,) Tills slide shows tlio condition boforo MonnIdI dminago; Thoro is a cavity 
on one fide and n partially unoximndod lung on tho other, ^roderatoly long segments of the 
flnt and second ribs wore removed 1>oforo tho drainage. ^Vhon tlio thoracoplasty was por- 
forrasd seven raonlhs later, thoro imd been so much regeneration of tho nntorior stumps 
thil it was impossible to pet a complolo collapse. (Slide.) This sHdo shows tlio thoraco¬ 
plasty which, althougli adequate in this Instance, I.h technically poor duo to tho long ro- 
genertted struts of tho nntorior rib ends. 

Bccanso of soTcml similar results, wo have modified our technique in tlioso Instances 
fa which we nnticipato-subsequent thoracoplasty. We now toko a fair length of tho first 
rib and its enrlilngo but a very short segment of tho second rib and no cartilngo. Following 
ths first or second posterior stage of tho thomcoplnsty, we tlien remove the second cartilage. 
This procedure aids in mobilisation of the anterior chest wall, and its use has resulted in 
better collapse. 



COAECTATION OF THE AORTA 

Report of Six Cases With Operation 

H. Brodie Stephens, M.D., and Orville F. Grimes, M.D. (by in\ttation) 

S.VN Francisco, Calif. 

C oarctation of the aorta is not a rare congenital anomaly. It occurred 
as the primarj^ lesion in 85 of Abbot’s 1,000 cases of congenital heart 
disease, and as a complicating anomaly in 93 others. Twm anatomic types of 
coarctation, infantile and adult, are recognized. The infantile tjqie is usually 
accompanied by other more severe congenital defects and in most instances 
death occurs in infancy. It is characterized by a narroiving of the aorta 
between the origin of the left subclaman artery and tlie insertion of the ductus 
arteriosus. This condition normally exists in the fetus, where the ductus 
arteriosus carries blood into the descending aorta while the aorta proximal to 
the ductus is narrowed. In the so-called adult type, usuaUj’- seen in adults and 
in children past infancy, there is a sharp constriction or obliteration of the 
descending aorta at or near the site of inseidion of the ductus. The most popular 
explanation of the etiology of this type postulates that the obliterating action 
of the ductus, which occurs soon after birth, affects the neighboiing portion of 
the aorta. This interpretation leaves unexplained the faet that in almost 10 
per cent of cases of coarctation the ductus is patent. 

Hypoplasia of the aorta is a frequent complicating congenital defect. The 
condition of the aorta proximal to the site of coarctation is now of more than ■ 
theoretical importance in view of the development of a surgical attack on tto 
defect. While the proximal aorta is hypoplastic in about 10 per cent of cas^, in 
at least 50 per cent there is dilatation of the proximal aorta. Tliis is probably 
due to the increased pressure in that segment and possibly to an inherent , 
weakness of the aortic media. When the proximal aorta is greatly dilated and 
weak, rupture may occur. This catastrophe occurred in 38 of Abbot’s cases. 

Coarctation definitely shortens the life of the individual, although symptoms 
may not appear until the patient is well into adulthood. Cai'diac decompensa¬ 
tion is the leading cause of death and once this appears, the patient’s course is 
speedily downhill. Spontaneous mpture of the aorta, cerebral aceWents, an 
mymotic endaideritis are also frequent causes of death. 

For reasons that are only partially known, in patients with coarctation 
the vascular system proximal to the coarctation is subjected to various stresses 
which render these tissues liable to inflammatory or degenerative changes. 
This is of great significance, not only as an added indication for early surgic 
intervention, but also because it indicates the difficulties attendant upon, sac 
intervention. Aortic tissue that has been subjected to hypertension for deca es 
is not the ideal tissue to hold sutures while being pounded by the blood stream. 

From the Department of Thoracic Surgery, University of California Medical 
Bead at the Twenty-eighth Annual Meeting of The American Association o 
Surgery, Quebec, Canada, May 31, June 1, 2, 1948. 
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Consequently these patients should be operated upon early in life before 
irreversible changes in the vnsculnr sA'Steni have developed. 

■ The central theme of this paper is a review of the case histories njid 
operations of six patients in whom coarctation of the aorta was verified.* It 
is our hope that tlio presentation of this group of cases will provide informative 
data to a subject still j’oung in the annals of operative endeavor. 


C.VSE nCI’OUTS 

Case 1.— W, 8., a 10‘yenr*ol(l boy, ontcrt*i! tlio l’nh*cr>ity of Callforniu no?i>ital Oct. 
12, 1047. After a bout of bronebopneuraonia at tho ajjo of 7 year, Lo Imd n'cnrront attacks 
of arthma occasionally requiring rnodicnl aid. Ho complained of bUaleml calf pain, noted 
meat often while nt rest following exercise. Woboccipitni, supraorbital, and bitemporfd 
headaches usually followed severe cxorciro so that ho ha<l long since leamol to limit his 
activity. He was aware of coldness in tJio lower half of bis body while fJio upper torso and 
arms might bo perspiring from the efTcefs of onvironmental tompomturo, There was no 
dvjpoea, chest pain, palpitation, cyanosis, or etleina of the lower extremities. 



!>.—Tho Iwart was not cnlarcca nnd Us contours wero normal (A). Retro- 
arterJofraphy demonstrated that Uie Iraiyworso aortJo arch brpoplasUt 
(ottJw) *ib located Immediately distal to the point ot orlffin of the left 
‘^Q'lan artery. Tho latter was at least twice normal alxe (B). 


The heart was not enlarged and its rhythm was regular. A systolic murmur was hoard 
Po»teriorly nt tho lovol of the third to fifth ribs In the paravertebral lino. Tho arterial 
lotions la tho upper extromitios wore normnl in quality. The periphoml tension in tho 
.^ght arm was 130/105, and in tho loft 100/105 mm. Hg. The abdominal aortic and 
'emoral pulsations were barely discorniblo find tlioso below the femoral level ^vero not 
palpable. No blood prossnro readings could be obtained in either lower oitromity. 

The red blood coll count was 6.03 million per cubic milUmoter, and each 100 c.c. of 
^lood c ontained 13.0 Gm. of hemoglobin. Urinalysis showed no abnormal findings, and 


win, thU report tborc have been 9 additional resectloru for c^rcto^n of aorta 

dttth. Theffttaljfy ocSiired In n SB-yaar-oId man Jn whom the oonrctatlon bad been 
vcstomllcm ot the lumen re-estabushM by ^d.to-€ndjinlon._ D^th 
suturcf line on the tenth postoperatlre day. 

hare been satisfactory. 


The results In tho other 
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the renal function as measured by plienolsulfonphtlmlein excretion was 59 per cent. The 
blood volume was within the range of normal. High voltage in the precordial leads was 
the only abnormality noted on the electrocardiograph, suggesting a minor degree of left 
ventricular hj-pertrophy. A roentgen film of the chest showed notching of the ribs. The 
retrograde carotid arteriogram demonstrated hypoplasia of the transverse arch and a 
definite coarctation at the junction of the aortic arch and the descending aorta. The left 
subclavian artery was at least twice normal size (Fig. 1). 



Fig. 2 (Case 1).—Several enlarged Intercostal arteries were divided w an 

the aorta. The subclavian artery was occluded by a Blalock clamp, ^e dlstm acwm j 
aortic clamp (A). A small rent in the aortic wall was made at the level of toe coa 
while mobilizing the aorta. This was repaired and the proximal aorta controlled oy an 
clamp until the end-to-slde subclavian-aortic anastomosis (1?) was completed. 


At operation there was tremendous dilatation of the vessels of the postero a e 
thoracic wall. The coarctation, located immediately distal to the origin of the . 

enlarged left subclavian artery, was not complete, as blood traversed the area^ to 
the distal aorta. A thrill was easily palpable at the coarcted segment. The intercos ^ 
vessels below the area of constriction wore tremendously enlarged, although proxini y , 
were of normal size. The aortic arch was hypoplastic, and slight poststenotic i e a 


of the distal descending aorta was noted. _ 

Several of the enlarged intercostal arteries were dirided in order to 
aorta both proximal and distal to the coarcted segment. The hypoplastic 
down rather intimately so that further mobilization was deemed unwise. For us 
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and bocflaw tho coArctnllon vms incomplete, thereby allo^ving somo measure of blood flow, 
It was decided to anastomow! the enlarged Bubclnvian artory to tho aorta distal to the 
coarctation (Blalock-Park procedure). Tho aorta \ra8 occluded by the application of aortic 
chimps proriraal to and beyond the conreted segment. The end of tho subclavian artery 
was ttuastomosod to the side of the aorta with 00000 oiled arterial silk sutures laid in such 
a manner that tho intima was everted (Pig. 2). Brisk hemorrhage which occurred from 
the postOTolatoral area of tho anastomosis when tho aortic clomps were removed was con¬ 
trolled by a single suture. The aortic clamps had been applied for flfty-flvc minutes. 



i (Case 1).—Tlte anastomosis had broken down nlonjr JU posterior extenL The 
of the perforation were oxtremelj* friablo and contained remnants of tho arterial 
wtures. There wne but little evidence of heallnp. 

The arterial pulsations in tlio lower extremities, incloding those of the dorsalis pedis 
and posterior tiblal arteries, were easily palpable after operation. Tbo periphoml arterial 
tension in the riglit arm reached ISO/fiS mm. Ilg, while a pressure of 110 to 118 systolic 
'nis recorded in tlio lower crtrcniities. During the first fourteen days following surgery, 
the patient was relatively eynvptom-frce, wvve for tho development of anemia which, 
required tho administration of 1,000 c.c. of whole blood. By that time, however, no fluid 
was being obtained from clieet nspimtlons, although clinically and roontgonologically there 
was a largo amount of fluid in the left pleural cavity. The patient began to complain 
of pain deep within tlio left hemithorax, in tho loft upper quadrant of the abdomen, and 
In tho loft flank. Of particular elgnlfleonco, on tho fourteenth poatoporative day, was the 
hemoglobin value of 75 per cent, which represented a 21 per cent decrease In a three-day 
period. VTo were unnblo to account lor tbo loss of that amount of blood into tho left 
pleural cavity. After two more transfusions and an intercostal nerve block to relieve 
incisional pain, liis general condition improved markedly, altliough his temperature reached 
0. doily. Tho dosage of penidlUu nvob increased and in addition snlfonamido therapy 
was instituted. Hepenlcd blood cultures produced no bacterial growth. 

Oa the twonty-fonrth postoperative day, tho patient complolned of progressively 
pain in the loft posterior portion of the chest. There was marked tenderness In 
^ left costovertebral angle, and although the patient appeared very pale, the hemoglobin 
value was 85 per cent. Tho urine contained no sulfonamide crystals. Since the similar 
episode on the fourteenth postoperative day we had been acutely aware of the probability of 
intrnthoraclc hemorrhage arising from tho anastomotic line. It was our hope that con- 
^Qwatlve therapy with blood replacement -wonld allow eventual healing of tho line of 
anastomosis, Tlio hematocrit values fell from 39 to 33 per cent mthin tho next few days 
spUe of 'two blood transfusions. 

A sudilon shocklike state developed on the twenty-eighth postoperative day. Ex¬ 
ploratory operation was performed immediately. The left pleural cavity was full of dotted 
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blood which had compressed the lung to no more than 40 per cent of its normal ske. The 
suture line had broken down on its posterolateral aspect so that there was a defect into 
wliich one could insert the tip of the little finger. Before any attempts at repair could 
be made, the patient died. Cardiac massage and intracardiac adrenalin were without airail. 

The margins of the perforated area wore composed of extremely .friable, gray tissue 
which was almost jelly-like in consistency. Tho posterior wall of the aorta at the level 
of tho anastomosis had been displaced posteriorly by the contraction of organizing fibrous 
tissue in this area (Fig. 3). It is possible that the posterior retraction of the organizing 
fibrous tissue together with the pressure within the subclavian artery produced increasing 
tension on the anastomosis sufficient to cause necrosis with resulting fatal hemorrhage. The 
other possibility is that tho line of anastomosis may have been subjected to unusual pres¬ 
sures and currents from the flow of blood through the intact coarcted segment. 



, (Case 2).—The plain roentgen fllm (A) showed a Blobular-^aped heart 

markedly enlarged with left ventricular predominance. Retrograde caintld arteriogiw 
demonstrated coarctation of the aorta (arrow) at the level of the ductus arierjo Jninea. 
Internal mammary arterj- was enlarged and the abdominal arterial trunks were ne 


Case 2.—D. B., aged years, entered the University of California Hospi 
May, 1947. His parents had noted easy fatigability and exertional dyspnea since 
age of 15 months when the cluld began to walk. Five months before admission, t ° 
and fatigue with exertion became more pronounced. Occasionally it was noted 

legs were exceptionally weak and quite cold. thoucli 

On admission, the patient was undersized, pale, dyspeic, and had a rather scvme 
nonproductive cough. There was a moderate edema of the face, trunk, and c. 

The lower extremities were underdeveloped, the precordium was prominent, an 

ment of tlie neck veins was evident. The heart was markedly enlarged and a systo ic m 

was heard in the left third and fourth anterior interspaces. Tlie arterial ^ 

not palpable in the lower extremities, whilo those in the upper extremities e' i i 

pulsatile expansion. The blood pressure in the upper extremities was 

that in the legs was lOG/90. Although tho liver was enlarged and sliglit y en > 

spleen was not increased in size. 
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A plain roentgen film of tlio cheat allowed a globular-shaped licart that was nuirkedlr 
enlarged, mninl.v to tho left (Fig. 4, ^). TIic cloctrocnrdiogmphlc tracing indicated marked 
right Tcntricular hypcrtroi>hy. 

■ Tho cardiac decompensation was cffcctkcly managed by bod rest and digitalization. 
After sixteen days of sQcIi treatment, a rotrogrado carotid arteriogram ^ras done whieh 
ahowed a definite constriction in tho aorta just boyond the arch in the region of the ductus 
trtcrl'osns (Fig. 4, B). 

At operation tho heart ^TaJ enlarged, especially the loft ventricle and left auricle. 
The area of coarctation ^vafl 1,5 era. Ijclow tho of origin of tlio left subclavian arterv. 
There was a moderate amount of poststenotic dilatation, although the aortic arch was not 
bypoplostic. Tlio ab^nco of enlnrgoil collalend \e^*ls was rather surprising. 



The aortic arch, tho left sabclavian artery, and the descending aorta Including tho 
coarctod segment wore mobilized. The area of coarctation was isolated by applying a 
Siftloek clamp on the aorta proximal to tho origin of tlio left subclavian artery and on 
J^rtlc clamp similar to a Gross aortic clamp 2.B cm. distal to the constricted area. A 
^dog clomp occluded the loft subclavian artery poripherrdly. The aorta was transected 
^ each side of tho area of coarctation and a segment 1.3 cm. In length was removed, tho 
^ic continuity being re-ostnbllshed by anastomosis of tho transected ends with 00000 oUed 
arterial silk carried on an atmnnmtie needle (Fig. 6). The aorta had been occluded for 
“iriy-two minutes. Tlie clamps were removed slowly, approximately six minutes being 
^Qiird for complete ' release. Examination of tho excised segment sliowed a circular 
Constriction whose aperture monsnred only 1.5 mm. in diameter. 
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The patient’s postoperative course was entirely uneventful, although digitalis was 
administered tliroughout his hospital stay. The arterial pulsations in the lower extremities 
became normally palpable. 

The boy is much more alert and actir’e and, according to his mother, lihes to do things 
that did not hold an attraction for liim previously. The anteroposterior diameter of the 
chest has decreased, and he has no undue fatigue nor dyspnea. A roentgen film taken one 
month after surgery (Fig. G, A) showed a diminution in the size of the cardiac silhontte 
with clianges most marked in the region of the right and left ventricles. No appreciable 
change was noted in tlio size of the left auricle. Films taken ten months after surgery 
showed a sUU greater decrease in the size of the heart, although the left ventricle and 
auricle were still enlarged (Fig. C, 5). 



F1&. G (Case 2).—Plain roentgen films one month (A) and tOT 
tlon show a progressive decrease In the size of the heart although 
the left ventricle remain enlarged. 


iths (B) after opera- 
? me Sett auricle and 


Case 3.— R, M., age 13% montlis, vras a full-term infant who had 
without untoward event by cesarean section after a normal pregnancy. A ear 
was noted at birth. He had alwmys had rapid respirations, and for five mon is e 
had noted a precordial bulge. Two weeks before admission he developed progressive 
of the face and lower extremities and evidenced rather marked orthopnea.^ cardiac 

The child weighed 16 pounds, 9 ounces, was dyspneic, and exhibited signs o ^ 
decompensation with edema of the face, hands, feet, and scrotum and less mar e ^ -bulge, 
of the rest of the body. The chest was symmetrical except for a slight precor 
The heart was enlarged 1.5 cm. beyond the right parasternal line and rea e j^^gjbio 
anterior axillary line. The cardiac rhythm was regular.- A systolic murmur w^^^ trans- 
over the entire precordium, but was maximal in the third left interspace the 

mitted to the upper back. The liver was enlarged to the level of tension 

spleen was not palpable. The radial pulses were of good quality and 0 or 
in tlie upper extremities was 130/85 mm. Hg. The lower extremity pn es -w j^gighbor- 
palpable and the arterial tension was difiieult to determine reliably but -was 
hood of 85/70 mm. Hg. 
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Plxiln roentgen fllma o£ tlio dicst showed marked cardiac enlargement, predominantly 
left aided (Pig. 7, A). The electrocardiographic tracing showed cvidonco of marked right 
rentricular hj^pertrophy. 

Digitalis was ndmlnislcrod and an adequate maintenance dose continned for a two* 
week period. Despite this therapy the patient continnwl to manifest congestive failure 
with orthopnea, rapid respirations, peripheral edema, and hepatomegaly. It was our 
opiidoa that tho moximura effect from digitnlixntion had been obtained and no further 
amelioration of tho decompensated stnte could Ik* oxpectCfL It was agreeable with all 
concerned to proceed with the diagnostic and therapeutic procedures. 



Jiff. 7 (Cam 8).—The plain roontffcn film •how* that the heart wo* markedly enlarred 
J^th left ventricular predomlnanco (A). BetroKrado carotid arterionraphy (fl) verified the 
of a coarctation (arrotp) at the level where the dactui orteidoeua would be expected 
to enter the aorta. A moderate amount of posl*tcnoUc dilatation of the aorta wm present. 

Betrograde carotid artoriognims domonatrntod a coarctation at about the level where 
the (loctua arteriosus would bo expected to enter the aorta, Tlioro was moderate poststenotic 
dilatation (hlg. 7, B), 

Surgory was porfonnod after twenty-sovon days of preoperatlvo preparation designed 
®^bdy to combat cardiac decompensation. The vnscalaturo of the left poatorolatoral chest 
wa3 was not. excessively increased or engorged. The aorta at tho level of the ductus 
Arteriosus exhibited on area of coarctation 2 cm. distal to the sabclarian artery beyond 
which was an area of poststenotic dilatation. The aortic arch was definitely hypoplastic and 
A thrill was palpable in the immediate area of constriction. Tho distal aortic arch, tho 
Aobdavlan artery, and the descending aorta including tlm coorcted segment wore moblllxod 
by dividing the enlarged intercostal vessels and the adjacent flbroaroolar tissue. Two small 
Aortic clomps were applied proximal and distal to the coaroted segment, n. 1.0 cm. segment 
bidnding the constricted area was excised, and an end-to-end anastomosis botwoen tho 
divided ends of the aorta accomplished. TJio lumen of the constricted segment at the site 
of tho itenosls measured 1.0 mm. in diameter. Tho aorta had been occluded for twenty-four 
minutes. The distal aortic clamp was removed vritbout consequent hemorrhage, after which 
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the proximal aortic clamp was removed very slow!)'. The blood pressure fell from 110 to 
(50 mm. Hg (systolic) immediately after the rclenso of the proximal clamp, but rose 
gradually to 95 mm. Hg. 

The chest incision was closed, the dressing applied, and the endotracheal tube was about 
to be removed when the patient’s heart ceased functioning. The usual resnscitative measures 
were without avail. Post-mortem examination failed to demonstrate the cause of deatli. In 
retrospect, we believe that cardiac arrest ensued because of the marked diminution of 
peripheral resistance produced by the removal of the constricted aortic segment. Although 
a full four minutes was required for the complete release of the aortic clamps, the peripheral 
arterial tension was not sufficiently maintained. 


Case 4.*^—C. S., a 34-year-old white man, had no sj’mptoms referable to the cardio¬ 
vascular system until the age of 20 years when, whUc being treated for pneumonia, he was 
told that he possessed a heart murmur and was advised to limit his activities. However, 
the patient felt completely well and carried on an active athletic life, playing a great deal 
of tennis without difficult}-. He was completely well until 3945 (aged 33 years). At that 
time, he first noted dyspnea while climbing stairs. TVitliin a few months the exertional 
dyspnea had become sufficiently marked to require slow ascent of steps and long periods of 
ii-sr after even mild exercise. By February, 1946, tbo patient had become markedly dyspneic 
cYr-n with mild exertion and noted an occasional adring substemal pain. Two months later 
!i "i turiial dyspnea appeared and walking on level ground became extremely difficult. 

The common carotid and subclavian arteries pulsated vigorously. The radial pulses 
were prominent but a marked lag in the femoral pulses was noted. The ankle pulses were 
taintly palpable on the right but were not discernible on the left. Bruits were audible over 
the loft anterior and posterior thoracic wall, the latter ns far inferiorly as the ninth dorsa 
segment. The heart was moderately enlarged and there was a systolic thrill which nas 
maximal in the left third interspace. The harsh aortic systolic murmur was heard best over 
this same area and was transmitted posteriorly. 

The plain roentgen film of the chest showed a dilated aorta and notcliing of the ribs. 
The electrocardiogram revealed left ventricular liypertropby. Retrograde carotid arteriograms 
were suggestive of coarctation but were not conclusive. Repeated blood cultures failed to 
reveal bacterial growth. 


At operation, the arterial supply of the posterolateral chest wall was greatly increas 
and the individual vessels were enlarged and tortuous. The collateral arterial circulation 
within the left hemithorax was enormous, especially the fourth and fifth intercostal arteries 
which measured about 1.0 cm. in diameter at their junction with the aorta. Tlie interna 
mammary arteiy- was huge and had a forceful pulsation. The upper three pairs of intercrota 
arteries were divided and lighted. The aorta at the level of the coarctation was narrowe o 
a diameter of approximately 1.5 cm. It was moderately dilated above and below. The aor a 
was occluded proximal to the subclavian artery and distal to the coarcted segment whi e 
subclavian artery was occluded distally. The coarcted segment was resected. Tlie aper urn 
at the site of the stenosis was only 2 mm. in diameter. The intima of the aorta above ^ 
level of the coarctation exhibited definite yellow patches of arteriosclerosis and that e ^ 
tlie level of the coarctation was somewhat friable. An end-to-end anastomosis of the 
sected aortic ends was accomplished with no little difficulty. The aorta had been om o 
for eighty minutes. The aortic clamps were removed slowly, three minutes elapsing 
removal of the proximal aortic .clamp. Baring release of this clamp, an infusion ° 
blood was administered into the right radial artery. The infusion was given rapicl J 
the arterial pressure fell rapidly to as low as 40 mm. Hg, at wliich time the cardme 
was extremely irregular, even exhibiting momentary arrest. By cardiac massage 
reapplication of the aortic clamps, regular cardiac rhythm was re-established. 
the maintenance of adequate cardiac activity, considerable hemorrhage occurre 

•This case is being reported through the kindness of Dr. Norman Freeniun, wl 
and operated upon the patient. 
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finn^tnniotlc line* This ^vas controllcU hy the applleatioa of n pledget of oxidized ccllaloac 
dirrctly to tbo suture line. 

■ Tlio ])o^topomtivo course was relatively uneventful until the eleventh postopcmtJvo day 
when the patient suddenly coniplnlned of severe left preeordinl pain, rttpldly became 
romatewe, nod die<l rvithin n few minutes. Necropsy examination showo,! but little Leallng 
of the auturo line. Alwut 0.5 cm. proximal to the line of antustomoais was a anmll perfom* 
tion in the aortic ^vnU through which cxtenalvo liemorrhago had occurre<L The transron'C 
aortic arch wns atherosclerotic and tuc aortic valves were stenotic. The cerebral vessels wore 
dUo .atherosclerotic, 

Carr 5. —E, B., a ID-ycnr-old white man, uas known to hfutJ had hv'pertension since 
the ape of l.T yctirs, wlron ho consulted a pJiysiciao lK*eausi‘ of headaolies and occasional 
ilizzlness. Tbero was no progresKion of symptoms until six mouths before admieBlon, when 
he noted Increased fatigability, more frequent hendnelu's, several episodes of faintness with 
hliirred vision, exertional dyspnea, and palpitation. He iind not been awaro of ankle edema, 
orthojinea, or chest pain. 

, On examination, prominent Intercostal arterial pubcifions coaid be palpated over tlie 
I'OstCTior raid-chest. Tho heart ^^\s not enlarged but ii loud systolic murmur could bo 
elicited both o\"er the precordium nnd over tlie left jkisterior part of the cheat. The arterial 
lensioa in tho upper extremities measured 1.^0/102, x^liilc a vulue of approximately D4/00 
was obtained in tho right log, Tho blood pressure in the left leg was not obtainable. Tlie 
femoral pulsations were bilaterally present but eitrcnjely weiik and tbo arterial pulses at tho 
foot and ankle wero not palpable. 

A plain roentgen film of tlio chest showed that the heart was modomtely enlarged and 
tliat the increnso in siro was prodomionntly left ventricular. Minimal notching of tho ribs 
posteriorly was noted, and tho aortic knob was absent. The electrocardiogram was Indicative 
of left ventricular hypertrophy. Tho venous prtjesuro mcasurctl 13.5 cm. of water. Intra- 
venous urograms rorcalcd no abnormal fiodioga. 

Imperfect visualization of tho aorta ^vns obtained hy the retrograde carotid arteriograms, 
but there WHS strong evidence from these studies tlint a coarctation was present Immediately 
distal to tho origin of the loft subclavian nrtory. 

At operation the coarctation was located 1.0 cm. distal to tho point whoro tho left 
rul»clavlan arto'iy emerged from the aorta. Many enlarged collateral vessels entered tho 
aorta distal to tho cenreted segment, olthougli tlicro was no poststenotic dilatation. The left 
rnbclavlan artoiy was considerably enlarged. This vessel, along with tho transrerae arch and 
lhat portion of tho norta contoining Oic cenreted sogment, was completely mobilized. Tho 
proximal aorta was occluded by a Dothuno lol>ectomy damp and tho aorta distal to the 
constricted segment by n straight aortic clamp. Tho aorta in the area of coarctation was 
transcctod and the proximal end closed by a running 00000 Deknatol silk suture. An end- 
to-end anastomosis between tho subclavian nrtorj' and the distal aorta was then accorapllslie^l 
8). Tlic oeduding aortic damps wore in place for seventy minutes. Prior to tlie 
fdease of the aortic damps, pneumatic cuffs previously applied to both lower ccctremitlea wore 
inflated to prevent pooling of tho blood In tbo logs (Fig. D). After tho aortic damps had 
been slowly removed, tho pneumatic cuffs wero released at fifteen minute intennls. There 
^ no change tliereaftor in cither tho cardiac rhythm or tho blood pressure recordings. 

The femoral and pedal pulses were CftsUy palpable immediately after surgery and have 
^Intained their quality. Tho arterial tension in the upper extremities has remained derated 
in the neighborhood of 180/100 mm. Hg. and tlmt of the lower extremities con now bo 
*^rded at 100/120. It is still loo soon after surgery (three weeks) to attempt to foretell 
whether or not the eiistoiit hypertension will bo maintained. 

- Case 0.—B. n., ngod OMt years, liad had frequent upper respiratory tract infections 
and hod gained weiglit poorly since birtlu For two years before entry his parents had 
noted that he had increased fatigability and for tho previous six months he had almost 
severe headaches. Four months before admission a heart murmur was discovered but 
Its etiology coaid not be determined. 
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® (Case 6).—The aorta was occluded proximally by a Bethune 
distally by an aortic clamp. The aorta In the area of tlie coarctation was 
toe proximal end closed (B). An end-to-end subclavian-aortic anastomosis WM 
The posterior suture line was first applied (4), after which Oie anterior row of sutures was m 
to complete toe anastomosis (O). 
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Tlio child was somewhat small for liis ago and in comparison to the parental stock. 
A transmitted sj^toUc rourmnr conld 1 k) heard alonp tho carotid arteries, more so on the left 
than on tho right. A systolic marraur woa present over tho entire precordium bnt was moat 
audible In tho second interspaco just to tho right of tho sternum. Tlio mummr was trans¬ 
mitted both to tho back and into tho left axilla. Tho arterial tension in tho left arm was 
140/75 mm. 3Ig, while neither u pressure nor a pulse was obtninablo in the right arm. The 
femoral and pedal pulses ^vero likewise not palpable, nor could a blood preseuro reading 
be determined In tho lower extremities. 

The plain roentgen film of the chest show<*d a small notcJied defect on the inferior 
border of tho left fifth rib. The lieart was not enlarged. During tho first attempt to perform 
contrast angiography, considemblo Dlodrast solution extravasated into tho periarterial tissues 
u far inferiorly as tho Imnsvcrso arch, obsenring the detail in this region to such on extent 



Flc. 9,—Pnmimatlo ciifCs about tho proximal portion* of the cxtreniltlea to 

poolln^o^bSod fn^e h?rjre ^^l8cula^ bc<l8 and to maintain an Increased resistance 
wtwn the aortic clamps arc removed. 


It WOJ noccasorj- to ropctit tUe procedarc. A second scries of artoriogmms demonstmted 
^*yond doubt U.e proscnco of conrctalion of tho aorta at tl.e bogiaaiiiE of the desceadlng 
portion of the aortic arch (Fig. 10). 

At opemtlon there was consldorablo reaction about tho nortio nrch duo to tho previously 
“tniTasatod Biodrast solution. This mnde the opomtlre procedure more dlfflcolt than would 
l>»vo otherwise bom tho enso. Tho coarctation was located at tho level of tho obliterated 
lottos orteriosns. The loft snhdavinn artery was very largo and emerged from tho parent 
'»»«I Immediately proilmal to tho area of coarctation. A largo onomoloas vessel npproii- 
“Stely one-half the sire of the loft sabelaviaa artery Joined tlio aorta Immediately proximal 
tbs coarctation. 

The tronsveree aortic arch, tho left sabelaviaa artery, and tho aorta distal to tlio 
“»«tcd segment were mobiUied ns completely ns JasUflnhlo in the presence of tho provioasly 
“eatloned iaflammatory reaction. Bseaaso of tho proximity of tho coarcted segment to the 
'raWavlan arteiy an end-to.end aaastomoslB between tho divided ends of tho aorta was quite 
‘•“possible. The proilmnl aorta was occluded by a Bethune lobectomy clamp, tho distal aorta 
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by a straight aortic clamp, and tlio anomalous vessel by a bull-dog clamp. An ond-to-sido 
anastomosis was then accomplished between the end of the subclavian artery and the side 
of the aorta distal to the coarcted segment. The occluding aortic clamps had been in place 
for forty-five minutes. The area of constriction was not excised (Fig. 11). Before removal of 
the aortic clamps, pneumatic cuffs previously applied to the lower extremities were inflated 
to prevent pooling of blood in the legs. The aortic clamps were removed slowly, after 
which the pneumatic cuffs were released individually at fifteen minute intervals. No cardiac 
irregularity or significant change in blood pressure readings occurred. 

At the conclusion of the operative procedure, the pedal pulses were found to be strong 
and bounding and have remained so. The tension in the right arm now measures 120/100, 
while the readings in the lower extremities arc 152/110 in the right log and 100/110 in 
the left leg, seven weeks after surgery. 

On the patient's tenth postoperative day, a marked weakness of the musculature of the 
left lower leg was noted and .shortly thereafter some weakness of the muscles of the right 



Fig. 10 (Case G).—The plain roentgen film showed a small Mrotld 

ferior border of the left fifth rib. The heart was not enlarged (-f/- descending 

arteriography showed a definite coarctation (arroio) In the first portion of me 
aorta (B). 


posterior cervical region was thought to be present. Because of these comp 
postoperative hospital stay was prolonged (seven weeks). The course was 
uneventful and, moreover, the opportunity was presented for observing the 
an inactive, introspective, shy, and easilj’ fatigued child into one who shares ra ler 
activity with the other little patients on the ward. 


DISCUSSION 

It has been mainli’’ tlirough the efforts of Crafoord in Sweden 
in America that the surgical attack upon coarctation of the aorta las 
success. This particular realm of surgical endeavor, though still ® ^ 
lias offered new hope and promise to those unfortunate peop e a ic 
the anomaly. Although there are no doubt many egses jg^-gst. 

the literature, an analysis of those reported through March, ’ ^ Gross 

Table I indicates that most of the operations have been 
and Or^loord. Of the forty-flve patients operated ..pon in the 
the procedure to its completion, forty Avere subjected to some 
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aud/or anastomosis. In tliis group of forty pnlient.s, thoro wore nine deaths, 
a mortality of 22.5 per cent. It i.s rcasonablo to assume tliat when a larger 
number of eases has been reportcrl. the mortnlUy rate will approximate that of 
other surgical procedures of similar magnitude. 

■ The collected data arc in no sense complete, but it is apparent that the 
majority of deaths occurred in those putienls who had reached adulthood. 
This docs not signify that age is an absolute contraindication to operation, but 
rather cmphnsircs the fact that a gunixled ])rognosis must lie made when 



operation is the only hope of salvation for those people. Considering the 
“Pgnitndo of the operative procedure and the danger of working rvith vessels 
of aortic caliber, the fact that good results are obtained in 62 per cent of 
00*03 is gratifying. 

That four of the nine deaths occured from postoperative homorrlmge is 
not surprising. Two oUiors ooourred from marked interference Avith cardiac 
function, probably occasioned by the release of peripheral arterial resistance 
duo to removal of the constricted segment. The remaining causes of deatlt 
appear to be related both to tlie consequences of operation upon large blood 



Table I.—Bfisuitfi op Reported Operative Cases in the World Liter,vtdre 
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vessels and to the magnitude of tlie procedure and its profound alteration in 
eardiovascular-rcspiratorj' ph^-siologj'. 

The six cases reported here constitute but a fraction of those reported ■ 
to this date in the literature. However, it seems to us that all available experi¬ 
ence with the surgical treatment of coarctation of the aorta should be pooled 
for the mutual benefit of all. The results of the cxpcrionecs at the University 
of California Hospital arc briefly .summarized in Table IT. End-to-end 
anastomosis was performed in three eases, an end-to-side anastomosis between 
the left subclavian artery and the aorta without excision of the constricted 
segment in two eases, and an end-to-end anastomosis between the end of the 
subclavian arteiy and the distal aorta after excision of the area of coarctation 
was done in one ca.se. There is general agreement that an end-to-end union 
is the treatment of choice whenever possible. Tho site of origin of the coarcta¬ 
tion is the main factor which determines the typie of procedure to be done. 
If the coarcted area is situated close to the point where the subclavian artery 
emerges from tho aorta, resection with end-to-end anastomosis is contraindicated 
because of the distance between the two aortic segmeufs. Our experience with 
Case 1, in which tho suture line of the end-to-side suliclavian-aortic anastomosis 
broke down, suggests that an end-to-end union between tlio distal transected 
aorta and the sulielavian artery might ofTcr distinct advantages over the so- 
called Blalock-Park procedure wliieli leaves the coarcted area intact 

llany authors feel that few, if, any, of the intercostal arteries should be 
sacrificed since they form collateral vascular chmmels. It is probable, however, 
that file danger of complicating or fatal hemorrhage from an inadequately 
controlled aorta Ls far more serious than is the sacrifice of a minor area of 
collateral vessels. In addition, the constrictionlcss aorta assumes all the blood 
transport previously carried by tho collateral vasculature. 

In two cases, hemorrhage from or near tho suture lino led to fatal termi¬ 
nation. In one of these, even though the suture lino showed but little evidence 
of healing at necropsy, tlio site of exsanguinating hemorrhage was weU above 
the anastomosis. It is reasonable to assume that the aortic perforation oc- 
enrred from tho trauma of the occluding aortic clamp in an area exhibit^ 
atherosclerosis. In tho other case, perforation occuiTcd at the suture lino, 
presumably from excessive tension or from abnormal influences upon the 
saturc line resulting mainly from the presence of the open coarctation. 

The one fatality on tlic operating table exliibited no direct cause of death 
at autopsy. It seems likely that the child died from tho effects of acutely 
disturbed cardiovascular physiology. One would e-xpcct UMcdiatc eridence 
of cardiac failure when there is a sudden decrease in peripheral resistance, 
yat in this child cardiac failure did not occur until approximately thirty 
minutes after the aortic clamps wore released. This operative mortality might 
have been prevented by a moie gradual decrease in peripheral resistance. The 
appUcation of pneumatic cuffs on the lower extremities, maintai^g the cuffs 
. St pre-resection pressure levels, and the release of the individual^ cuffs at 
dltcen minute intervals after the removal of tho aortic clamps, might have 
provided an adequate mechanism to accustom the heart to a new level of 
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peripheral rcsislance. Particularly is this true in the younger ago groups. 
Hapid whole blood infusions while the aortic clamps arc being removed accom¬ 
plishes much the same thing. 

At this moment there is notlxing to offer those niirortuiiato people with 
areas of narrowing, iLSually in the descending aorta, which are of such length 
that it is imimssiblc to re-establish continuity by an appropriate aiiastomosis. 
Save for this unfortunate contingency, there is no absolute contraindication 
to the surgorj' of coarctation of the aorta. Advancerl ago ■with its attendant 
arteriosclerotic clianges, especially in the proximal aorta, in combination with 
other factors, may constitute an absolute contraindiention in the specific case, 
hat perhaps only relative reasons against oporntion in othei's. 

The condition of the proximal aorta is all important. A dilated, at- 
Icnuntcd, and weakened proximal aorta whose intima is .studded with arterio¬ 
sclerotic patches is likely to hold sutures poorl>. It is generally agreed that 
in many cases, although jKior results ma.v be cx[)ectrd, surgery must be per¬ 
formed as the only hope for salvation of the patient, Tt is emphasised that 
one can cxjKiot belter results in tlic cluld or young adult in whom degenerative 
changes have yet to appear. 

StniMARY 

In the adult typo of coarctation, a sharp constriction or ohlitoration of 
the descending aorta occurs at or near the insertion of the ductus arteriosus. 
The aorta proximal to the conrotatioii is especially likely to develop infiom- 
tnatorj' or degoncrativo changes, the exact cause of which is unknotni. ^ There 
Is no doubt that coarctation of the aorta sliortcus tlio life of the individual. 
Cardiac decompensation, spontaneous rupture of tlie aorta, cerebral accidents, 
and mycotic endarteritis arc tlic mo.st frequent causes of death. 

SLx patients exliibiting coarctation of the aorta have been operated upon 
at the University of CaUfomia Hospital. Three patients snndved. One 
fatality was operative; two others, from exsanguinating hemorrhage, occurred 
in the immediate postoperative period. One of Uiesc resulted from necrosis 
at the line of anastomosis; the otlior, although allowing but little ortdonce o 
healing at the suture Uno, bad a small perforation proximal to the luic of 
anastomosis. Tho opening apparently had occurred in an area of athero¬ 
sclerosis traumatised by an occluding aortic clamp. 

The operative death, in retrospect, was pi-obably a preventable one. If 
tfio peripheral arterial resistance and blood volume had been maintained until 
lie cardiovasculai' system bad bad suflBcient time to adjust to tho new pressure 
felationahips, noxinal cardiac function would probably have ensued. 

A brief review of the literature indicates that an over-nU mortab^ rate 
nf 22.5 per cent exists for the surgery of coarctation of the aorta. of 

tlic reported deaths have occurred in patients in older ago groups and the 
rtost common cause of death has been hemorrhage, usually at tho bno of 
OMstomosis. It is guite generally agreed that an end-to-end aortic anastomosis 
Is the procedure of choice. 
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^Ye have operated upon three patients of 5 years or younger; one was 21/2 years old 
and his, incidentally, was the easiest operation from a technical point of ^•iew,^he had the 
smoothest postoperative course and ho was able to go homo on tho tenth day after opemtioa 
Since the collateral circulation is well developed early in life in these individuals the 
indications arc to operate upon them early. Wo have employed a variety of methods in 
our end-to-end anastomoses of the aorta, but at present prefer the use of four everting 
stay sutures combined with four running over-and-over sutures in the four quadrants. 

DR, ROLLINS HANLON, Baltimore.—On Dr. Blalock’s servdee at Tho Johns Hopkins 
Hospital twenty-four patients with coarctation of the aorta have undergone exploratoiy 
thoracotomy. The age of the patients ranged from C to 34 years, with the majority over 
20 years. 

There have been three deaths in the scries. One resulted from a technical error, one 
from a cerebral vascular accident, and one from multiple associated cardiac abnormalities. 
The latter two deaths were in children. In one instance resection of tho coarctation was 
not possible. Twenty patients underwent successful resection of tho coarctation. In 
three continuity of the aorta was re-established by anastomosis of the subclavian artery tu 
the distal aorta. In seventeen an end-to-end anastomosis was carried out between proximal 
and distal aorta. Tliis is the procedure of choice. 

The anatomic findings in one instance are of sufQcient interest to warrant presentation. 
(Slide.) This 20-ycar-old girl had a coarctation proximal to the origin of the left subclavian 
artery—an abnormality which had been diagnosed by clinical studies including angiocardi¬ 
ography. There was notching of the ribs on the right but not on the left. There was a 
large left carotid artery and a somewhat smaller left subclavian artery with the intervening 
vertebral artery arising directly from the aorta instead of from the subclavian artery. The 
left radial pulse was unaffected by occlusion of .tlie left subclavian artery, indicating 
excellent collateral circulation. The blood pressure in the left arm was lower than that on the 
right before operation, and this relation persisted after satisfactory aortic anastomosis, 
with the left subclavian artery divided. The subclavian artery was sacrificed since it 
would have interfered with an end-to-end aortic anastomosis. In resecting the coarctation, 
in order to have the proximal opening comparable in size to that in tho distal aorta, it 
was necessary to extend the incision up the lateral wall of the vertebral artery. (Slide.) 
The Completed result was quite satisfactory, and the patient remains well more than three 
months after operation. 

In closing, three teclinienl points may' be mentioned. First, an everting mattress 
suture is used. Second, the collateral circulation, particularly the intercostal arteries, has 
been preserved if at all possible. Finally, a special clamp similiar to the Potts’ clamp is 
used to occlude the proximal aortic segment. (Slide.) This allows blood to flow freely up 
the subclavian artery while occluding the aorta just distal to it, thus providing adequate 
working length witli increased safety even in the very' short proximal segments that are 
encountered not infrequently. 

DR. CLARENCE CRAFOORD, Stockholm.—From the excellent result we have just 
heard from Dr. Blalock and his co-workers, and from my omi experience, I think we may 
state that radical treatment of coarctation of the aorta can no longer be considered as a 
surgical equilibristic procedure; I think it can be said that it is a sound surgical procedure. 
The results I have had support the conclusions which can be drawn from Dr. Blalock s 
presentation. 

We have now operated on tliirty-two patients with coarctation, resection was done m 
thirty-one of those and in one case we did a “Blalock operation’’ with anastomosis, en 
to-side, between the subclavian artery and the aorta below the coarctation. In this seriM 0 
thirty'-two cases we liad two postoperative deaths, one due to acute bleeding on the a or 
noon of the day of operation, the other due to formation of a dissecting aneurysm w ic 
broke into the bronchial tree, from wliich one month after operation the patient die ron 
massive hemoptysis. In addition to tlie thirty-two cases operated upon, exploration n 
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l«cn Oone in tiro (>ascj', intending; to try rnJicnl opomtion, but conditiona uerc each tlmt 
nn nmiatoraoalng oiKjrnticm wnfl not possible. Tlicso pationta woro in tho older ago group, 
between 25 nnd 55 yoarM of upe. In all, artcrioaclerotlc rhnngon of tbo nails of tho arterica 
were present, which nmdo any kind of Burgicnl intervention on tlio vessels inipoasiblo. In 

that group of llvo rases In which ovplorntion and auturo wna dono again wo had two 

ilcatlia shortly after operation. Ilceauao of that 1 would like to point out the value of 
a method of invcatlgnllon that wo have developed recently to trj* to make as accurate on 
aaatomio diagnosis of tlio leaion na posaiblo lK*foro opomtion. Wo have introduced an 
ordinary cardiac enthotor through tfio radial artery*, pushing it formird, down into the 
aortic arch. With rapid injection of 50 c.c. of 70 per cent Dlodmst wo can get nn excellent 
x-niy picture of the first part of the aorta and the <*oarctntion. I hope that oa we become 

more familiar with this mcthoil of invesligntlou we may be able to exclude moat of tho 

unsuitable cnaea from exploratory thomeotomy nnd select in advance tho ones on whom we 
can hojw to nchlcvo a good result. 

(Slides.) In this picture can bo aeon the cnilieter passrNl doam into the nrcli of tho 
aorta to tlie level of the aortic ostinm. The curved outlines of the aortic valves are shown, 
and also a fairly good picture of the coronary' nrterir*^. Wo hope to be able to carry 
out studlca on tho coronary artcrii's by this irnmn-H in the future. In the cases which this 
proccvluro hnd been carried out wo have had no renclinn which contraindicates a continnaneo 
of the method. 

(Slide.) This case was ratJier difticuU to interpret; it was ono of tlio first opon whicli 
this invcstigatlcm done and wc did not know how to interpret ilicso different sliadows. 
We’therofoTO explored to confirm our x-my findlnga, and in this drawing you can see whnt 
tms found, There were multiple aneurysms on tho aortic arch which made radical proc(?dare 
of any sort impossible. 

Wo have been able to follow twcnly-so\cn of tbo thirty-two cases for a period of too 
ranging between three montlis ond throe and ono-linlf years. Of tho re maini ng fire patients, 
two have died in tbo immediate postoporativo poriod as just mentioned and three Imve been 
*0 recently operated upon that it is too early to tell how they will progress. In tliirteen 
of the twenty-so'.'on cases tho blood pressure has returned to normal, with higher pressures 
in tho lops than in the arms. In six, the bloo<l pressure is equal in the legs and the arms 
and in eight, it is still slightly higher In tho arms tlian in tho legs. In these eight wo 
have, from on anatomic viewpoint, not been able to porfonn a sufficiently wide anastomosis. 

In three case.v of the thirty patients surviving wo have Imd development of small 
postopemllvo dissecting nnourymni^ deraonstrated by direct aortography after operation. 
Two of the three are syTuptomletfs; they have not l»ccn growing. In one easo there is sign 
of increase in the sire of the aneurysm, tho pationt has sy’mptoma, nnd wo nro discussing the 
possibility of reopomtlon. 

Tho principal difference between tlio toclmiqoo described by Blalock and Gross nnd 
tho ono 1 use, is Umt botli Blalock and Qra'W use exerting sutures. I have felt that one 
sbould try to resect as much as possible of tho constricted area which is nearly always so 
long that it Is dlfllcult to rosoet enough. Becauso of that I have used an anatomic sutnro 
with coaptation of the different layers of tho nortJo wall against each other, which permits 
wwoction of a fow millimotors more than If on ovorting snturo is used. 

I have also profonod tliis suture bocauso I boliovo that tho lionling will Ixi bettor and 
stronger when tho different anatomic layers of the aorta aro in direct contact. I do not 
know whether Dr. Blalock nnd Dr. Gross have had po^opemtivo nortograms made, or If 
they have found any postoporntlvo symptomlcss aneurysms. 

A comparison botweon out series in that respect might givo some indication as to 
whether tho anatomic or tho everting suture is to bo preferred. 

.The mean blood pressure before operation In my cases has been 180/100 in tlio arms 
and about 100 nun. of mercury systolic in the legs. After operation the pressure in the 
arms has gone back to normal os mentioned previously. 
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DE. OSLBE ABBOTT, Atlanta,—In onr more recent coarctation operations we 
instituted arterial transfusion in the arm on the uninvolved side to be ready at a set level 
of blood pressure at tlie time of release of tlie anastomosis. The fall of pressure in 
these patients has been to the level set on the manometer and has not gone below that 
level. I believe that arterial transfusion has a tremendous place at tliis stage of the 
operation. It is also interesting that this method of transfusion was recently used on 
the urological service at the time of removal of an adrenal chromocytoma with no drop 
in blood pressure. 

The other factor I would like to mention is the occurrence in our series two years 
ago of encountering a patient in whom a large patent ductus was present, and as soon as 
the ductus was occluded with a rubber shod clamp, intractable auricular tibrillation occurred, 
which could not be corrected by any method we attempted. On releasing the patient from 
osygen it became obvious that there was a third deformity, namely, a hidden pulmonary 
stenosis; we did not resect the coarctation. 

I would also like to mention tlie one death in our series occurring when we tried to 
form an artificial arch in a patient having only two major vessels coming off the arch, 
namely, a combined innominate and left common carotid and a left subclavian; the coarcta¬ 
tion was proximal to the left subclavian, and the subclavian wall was used for an artificial 
construction of the arch. The patient died eighteen hours after operation when the pressure 
rose to 134. I am certain that if we had reinforced this graft we might have been 
successful. 

DE. CLARENCE CBAFOOED, Stockholm.—There has been some talk about the rapid 
fall of blood pressure caused by rapid releasing of the aortic clamps. This is difficult for 
me to understand. I have had the aorta crossclampcd in altogether seventy cases of 
coarctation and patent ductus, and have never taken any precaution in releasing them 
slowly, witli no blood-pressure falls of any significance in connection w'ith removal of the 
clamps. In the ductus eases where we have no collateral circulation, when aortic clamps 
are applied the blood pressure rises sometimes to 200 mm. of mercury or more. The blood 
pressure has dropped to the previous level after the clamps have been released. I do not 
think the explanation given by Dr. Gross is the correct one, that it is the releasing of the 
clamps that is the cause of the blood pressure fall; I am convinced there is some other 
factor such as unsatisfactory ventilation dnriiig the anesthesia, for all these patients as far 
as I know are allowed to breathe themselves during the operation and have not been under 
controlled respiration. I am convinced that if adequate ventilation has been used the small 
additional stress to wliich the heart is subject on removal of the aortic clamps will not 
affect the heart at all. 

There is a point I would like to stress when giving large amounts of blood rapi^. 
I believe it is better to give fresh blood from heparinized donors, tlian to give old bio 
Fresh blood will function much longer than stored blood from a blood bank. 
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BxpEniKN’CES With Lkpt Sudclawan to Liift Pulmonary 

Artkby Anastomosis 

Emile IIolmjVN, M.D. 

San Francisco, Cauk. 

TN a discussion oC Cutler’s’ startling, thougli unsuccessful attempts to 
1 enlarge the stenosed mitral valve by operation, Harvey Cusliing in 1923 
referred to tlie licart as the “last frontier in surgery.” His keen imagination 
and lively intellect ivonld have liailed with enthusiasm tlie recent equally 
startling developments in the surgical con-eetion of congenital malformations 
of the heart. 

The most spectacular of these developments has been the application by 
Blalock’’ * of Taussig’s brilliant sugge.stion that in cliildrcn, cynnosed and 
incapacitated by pulmonarv' stenosis or atresia, the blood flow through the lungs 
be augmented by an artiflcial, .surgically created patent ductus. Taussig had 
noted that in cases of pulmonary stenosis the patent ductus was ocensionnUy 
the only route b,v which unnemted blood reached the lungs and that over a 
period of years as the patent ductus slowly closed, the children gradually be¬ 
came more cyanotic and die<l. This possibility of gradual and finally fatal 
closure of an essential patent ductus had liccn suggested previously in a dis¬ 
cussion of congenital intraeardiac llstulas.’ 

To circumvent the pulmouarj’' stenosis, Blalock developed the surgical 
technique of implanting a sv’stcmic artci'y into the pulmonary artery. In his 
first case ho employed implantation of the left subclavian artery into the left 
pulmonary artery. Subsequently he implanted the loft innominate artery of a 
right aortic arch into the left pulmonaiy artciy, but his usual procedure has 
been to implant the right subclavian artery into the right pulmonary artery. 
The use of the iimominatc arterv’ has been found dangerously hazardous because 
of the cerebral complications of hemiplegia or death incident to ligation of the 
common carotid artoiy, and is therefore avoided if at aU possible. 

Our experiences with these various procedures have been limited to 
thirty-four cases. In six instances for various reasons an anastomosis be¬ 
tween the systemic and pulmonary vessels could not or was not performed. 
In one of these patients, instead of a pulmonic stenosis, a complete transposition 
of the pulmonary artery and aorta was encountered (Fig. 1), and the smaR 
3-year-old child died almost immediately after the opening of the chest. A 
second child also died before any anastomosis could be effected. He was very 
blue and had had in his tlireo years of Rfe three embolic or thrombotic 
phenomena, including a cerebral accident producing a permanent left hemi- 
Pkgia. In a third cluld, the appUeation of the Blalock clamp for occlusion of 
the pnhnonarj’ artery caused cessation of cardiac contractions, and after several 

From the Stanford Unlvereltr School of Medldne. 
o Read at the Twenty-elrhth Annual Meetlnff of The American Association for Thoracic 
Quebec, Canada, May 81. Juno 1, 2, 1948. 
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such attempts, the heart ceased beating entirely. At autopsy it appeared that 
a barely patent and hidden ductus arteriosus lay in such a position as to be 
closed completely by the clamps on the pulmonary artery tlius reducing the 
already greatly diminished blood floAv to the limgs Avith resulting decreased 
aeration. In a fourth patient, 12 .veal's of age, it was eiddent that the right suh- 
elaidan artery could not be brought dovm for anatomosis to the right pulmonary 
artery unthout ligation and division of the carotid artery'. Because of the high 
incidence of cerebral complications following ligation of the common carotid, 
the operative wound was closed, and it was proposed to open the left side of the 
chest at a later date for anastomosis of the left subclavian artery to the left 



Fig. 1.— a. Complete transposition oC pulmonao' arterj' and aorta with an interventricular 
septal defect as the only commimlcatlon between the systemic and pulmonic circuits. 

b. Schema of circulation under these circumstances indicating that a to-and-fro flow of 
blood through the septal defect provided the only interchange of blood between the two systems. 
The increased pressure in the pulmonic circuit incident to anesthesia probably w 

usual flow from tlie right heart into the left heart with a resulting greater flow of una^tM 
blood in the systemic circuit and death. The greater cyanosis, even under the administration 
of oxygen, and prompt death on opening the cliest lends credence to tills view, 

pulmonary artery. However, the boy' never recovered consciousness and died 
twelve hours later in marked and increased cy'anosis. Apparently the mere 
administration of a general anesthetic had somehotv altered the pressiu'e rela¬ 
tions between the systemic and pulmonary circulations (Fig. 2), causmg a 
more than usual diversion througli the iuteiventricular septal defect of n»- 
aerated blood into the systemic circulation avMcIx was incompatible with life. 

In a fifth child, 3 y'ears of age, the exposed pulmonary' artery was 1.8 cifl; 
m diameter and pulsated vigorously'. The rvater manometer was not quite hig 
enough to measure aecurately the puLmonai;y pre.ssure, but it was estimated tq 
be at least 900 mm. of water. The sy'stemic arterial pressure at that momen 
was 98 nun. of mercury', and it was ob's'ious that the pressures in the rtvo systems 
were approximately equal. It seemed probable that we were dealing ^ 
truncus deformity', and no anastomosis was perfonned. The child died a ev 
hours later. Only a pai'tial autopsy was permitted, but it disclosed at e 
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child had indeed a tmneus arteriosus fed by both ventricles, thus accounting 
tor the cgunl pressures in the pulmonic and sj’stemic circulations. In a sixth 
child, at thoracotomy no jnilmonurj- arteiy could be found on the right side, 
and the operation was abandoned. Two weeks later a left thoracotomy was 
performed, but again no pulmonary nrtciy could be found. This G-ycar-old 
Iwy is still living, no worse for the two uusucccs.srul e.xplorations. 

In twenty-seven cases the operation wns completed with good to 
phenomenal improvement in twent.v-four ensc.s and death in three. The first 
death wns in a 15-month-old infant whose operation wns performed on Feb. 
IG, 194C. The right subelavinn artery at the site of division and anastomosis 



Fie. 2.—«. Alnrketl pulmonic irtononlB. Inten'enti Icular fccptfti defect. large overriding aorta 

In a 12-year-old boy who died twelve Itoura after rimplo thomcotoraj. 

b. Schema of clrculaUon IndlcnUmr that tbo Increaalng 
jroj probably explicable on tiie baals of an IncrensoJ flow of unnoted blood into tne aorta aue 
to an Increased preaiuro In tbc pulmonic circuit Imposed by RnesiuesiQ. 


to the pulmonarj' arterj* was onlj’’ 3 mm. in diameter. At autopsy, thronihosis 
wns fonnd at the site of union, vvith partial angulation and obstruction of the 
right pulmonary nrterj', which had so reduced the flow of blood to the lungs 
that death occurred twenty-four hours after operntidn. Thm experience led 
lo the mso of the right-common carotid arteiy in onr next patient, only to have 
this patient develop a left hemiplegia from which she slowly recovered. 

The second death oocnrrcd in a patient in rvhom tie ligatm-e on the distal 
end of the divided snbcla-vian artery included, besides the vessel itself, some 
of the connective tissue fixed to the thoracic wall so that the ligature wns 
anchored in place. The artcrj% which had been pnUed doivn out of the tissues 
of the neck, was therefore held in place under considerable tension. The 
elasticity of its waU led to its being gradually pulled out of the anchored liga- 
fore, resulting in a fatal hemorrhage two hours after the operation. The 
obvious lesson is to ligate doubly or to Ugate and transfix the distal arterj-, 
lieing careful also to avoid including in tho ligature any surrounding fixed 
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tissues. Ah artery ligated under tension must be completely free of sur¬ 
rounding tissues so that it may retract into its normal position. 

In the third patient, 19 years of age, who died with a hemoglobin con¬ 
centration of 114 per cent, and a red cell count of 8.1 million, a very imsatis- 
factory anesthesia was administered, the patient’s, color being blue-black 
throughout the operation despite every effort to correct it. A good anastomosis 
between the left subclavian artery and the left pulmonary artery was affected, 
but the patient never recovered consciousness and died twenty-four hours after 
operation. An autopsy was not permitted, but cerebral anoxia was un- 



Fjgr. 3.— a. In enip]o>inff the left subclavian-to-left pulmonary artery anastomals, the 
distance between the base of the subclavian artery and the proposed site of anastomosis is 
measured by calipers, and an equal length of subclavian artery Is mobilized for division at r. 

b. If the subclavian artery la sharply angulated at its orgin on opening the 
the pulmonary artery central to the anastomosis is doubly lllghted and -divided between llgamres, 
thus permitting the pulmonary arter>' to rise In the chest with correction of the angulation anu 
an increased flow through the anastomsls. 


doubtedly an important factor in this patient’s death, as indicated by a left 
hemiplegia and a marked right-sided spasticity noted immediately after the 
operation. 

In two feebleminded infants the innominate artery was sutured^ to the 
right pulmonary artery -with excellent results, so far as physical activity and 
improvement in cyanosis were concerned. The mothers even believed there was 
some mental improvement. 

Because of difficulties mth the short right subclavian artery, ^ au 
tbe distressing cerebral complications that may follow ligation and division 
of the right common carotid artery when the innominate, is used ® 
subclavian artery was employed because of its greater length. The o jec- 
tion to its use has been made by Blalock, that in bringing it over the arc 
of the aorta the acuteness of the angle at its origin interferes with the ow 
of blood through it. This is a valid objection in some instances, but w ere 
such interference with blood flow occurs, it is quite obvious imme la e y 
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Rpon releasing the clamps and opening the anastomosis. Fortunately it is 
readily corrected by complete division of the left pulmonary arteiy between 
the site of the anastomosis and the primary branching of the vessel (Fig. 3). 
Kiat the patient can tolerate such dimsion has already been demonstrated by 
Its complete occlusion during the time in which the anastomosis was being 
made. Such complete division was found neccssaiy, however, in only four 
of tho twenty-threo cases (Fig. 4). In a fifth case, a 9-year-old girl, the 
left pulmonary artery was only 7 mm. in diameter, too small for an end-to-side 
anastomosis. Accordingly, the artcrj- was completely divided, and an eud-to- 



raiwculnr weakness In a ciTUiotlo boy was completely corrected by a left 
to th* t Pi'**Tionary arterj' nnastomo.<^U with division of the left pulmonary artery central 
■ctl^ u hUtwl*^ anastomosis (see rip. 3). Following operation the patient a became quite ns 


mid anastomosis between tho subclOTlan artery and tho distal pulmonary 
artery was established with good functional results (Fig. 5). 

In nineteen cases in which the left snbelavian artery was sntured to tho 
de of the left pulmonary artery without division of the pulmonary artery, 
6o®d functional results have been obtained ns shown by absence or improve¬ 
ment in cyanosis, by greater physical activity, and by absence of dyspnea, 
wmc patients are said by their parents to be perfectly normal. The patients 
ave ranged in age from 15 months to 26 years. One 18-year-old was prae- 
aally incapacitated by dyspnea, neccssitaUng squatting, even in the middle 
a busy street, to recover his breath before he could go on. Ho is now able to 
Old a job (watch repairing), no longer squats, and has almost a normal color. 

All patients but one were considered as belonging in the general group 
0 tetralogy of FaUot. This one exception was a 5-year-old boy whose frank 
oyonosis did not appear until 3 months of age. His activity was greatly 
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limited, and cyanosis and dyspnea were aggravated greatly %vith the slightest 
exercise. He watched other children, rather than participating in their play. 
He had a lond systolic mnnnni- at the base heard all over the precordium; 
The pnlmonie second sound appeared lond and snapping. The circulation 
time from arm to lung was 6.5 seconds. The red cells numbered 7.8 million, 
and hemoglobin concentration was 142 per cent; blood pressure ivas systolic 
110, diastolic 70. The clectrocai’diogram showed abnormal P Avaves and a 
left axis deviation. The roentgenogram showed a normally contoured heart. 
At operation the right subclavian arteiy, which was 8 mm. in diameter, ivas 
implanted into the light pulmonary artery 1.5 cm. in diameter. "When the 
anastomosis ivas opened, the blood pressure fell to 104/56, and the pulse be¬ 



came aceelei’ated from 110 to 120. Since operation, the cyanosis has prac¬ 
tically disappeared, his physical activity- is normal and as vigorous as that o 
his brother. The red cells now number 5.5 million and the hemoglobin coii- 
centration is 99 per cent. This patient was interpreted as having a 
stenosis Avith an open foramen OAmle, rather than a pulmonaiy stenosis avi 

an open interventricular septum. _ . , 

The use of angiograms* in selected cases has provided interesting an 

valuable help in arriAong at more accurate diagnosis (Pig. 6). 

Complications following operation have been fcAV. One patient s coukc 
foUowing operation on July 31, 1947, Avas characterized by a persistent chyiCH. 
thorax. Over 4,430 cm. of milky fluid were aspirated from the left ® ® ® 
chest over a period of nine days. Intravenous alimentation Avith protem ^ . 

ysate led to thrombosis of the right saphenous vein, resulting in a 
embolism through the inteiwentricular septal defect to the right cere im a 


♦These -were made at the Insistence of Dr. tho^D^imrfment of Pediat- 

dlatmosls together with the cooperation of Dr. Harold Faber, both or ine a 
rlca, have made this work possible. 
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a laft-sidcd Lcmiplogiu on the scveulecnfli dny fol)o\vin(' operation. Ginduol 
recover}' took place. On Nov. 17, 1047, he was reported as being able to walk 
alone but wa.s .still unable to use bis arm. 

Since this experience, l}Tnplialics arc carelull}" watched for, as the left 
subelavian artcr}' is isolated from the mediastinum, and on one occasion a 
large vessel filled with clear fiuid was observed to cross tlie operative area and 
was carefully avoided. In another instance turbid chylous finid stiddenly filled 
the operative area; the point of leakage in the mediastinum was sought, identi¬ 
fied, and clipped with a silver clip, with no subsequent trouble. 

In three patients, a chest filled with fluid led to the aspiration of 900 
cm., 600 cm., arid 1.200 e.e. of bloody fluid, re.sqieetively. All patients then 



Plff. 0.- 


An anclofrrnm In n. ll^-rf^r-old clrl. cyanotic wirree blrtli, reveals a normal sised 
- .- —>'—' This evldoncre was 


pnlmonorj' nrtorr (dotted line)'iti* relation'to the" aoi^'(unbroken line) 
imerproted as suppartlng a dinKnosIs of EJseDnicngcr complex. 
tA aa ^ anglolRTam In a IC-ymir-old boy revealed a greatly najron'ed pulmonaiy arter>' 
jaottod line) In relation to an ovcralied aorta (unbroken lino). The early appearance of the dye 
}o the aorta Indicated the presence of a scptnl defect Eubwviuent necropsy confirmed thia re¬ 
lationship. (Same patient as nhown In Fig. 2.) 


bad on uncomplicated recovery. In two of those patients pressure in the pul¬ 
monary artery hod hecii ascertained by introducing a needle for manometric 
readings. It was surmised hut not proved that the bleeding came from this 
puncture wound. 

ihilmoiinry nrtcrinl pressurefi nt operntiou hnve ranged from 175 to 370 
fnm. of water. Altliougli no arbitinrj'' level can lie set, Blalock has stated that 
tbe operation should not he done when the pulmonary pressure exceeds 300 
mm. of water. In the 4-year-old child in whom the pulmonary pressure was 
310 mm. of water, the systemic arterial pressxu-e at that same moment was 
HO mm, of mercury. It was reasoned that a flow of blood would therefore 
'meur from the systemic to the pulmonary circulations, and accordingly the 
left subclavian artery was implanted into the left pidmonary artery with 
excellent improvement in cyanosis and physical activity. The mother writes 
that he plays normally, whereas formerly ho was content simply to observe 
I'm playmates. 
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Improvement foUovdug operation is disclosed not only by marked im¬ 
provement in appearance and physical activity, but also by marked change 
in the character of the blood; in one instance the number of red cells dropped 
from 11.4 million to 6.9 million, and the hemoglobin concentration from 188 
per cent to 103 per cent. In another ease, the red cells fell in number from 
7.8 million to 5,5 million and the hemoglobin concentration dropped from 142 
per cent to 99 per cent. 

Various operative approaches have been used. At first, Blalock’s anterior 
incision through the third interspace was employed. This has been replaced 
in gii’ls by a left arrterolaleral approach through the third interspace to avoid 
conspicuously visible anterior scars and possible injury to breast tissue. In 
boys an anterior approach through the second interspace is now used, with 
division of the second and third costal cartilages. This provides an excellent 
exposure of the left hilum and more ready access to the left subclavian 
artery. 

In performing the anastomosi.s, a longitudinal rather than a transverse in¬ 
cision is now made in the pulmonary artery, and the suture employed is, a 
continuous adventitia-to-adventitia approximation in tlie posterior half, and a 
continuous intima-to-intima approximation in the anterior half of the circular 
anastomosis. An effort is made to interrupt completely the circular silk suture 
at two points, thus avoiding a complete circular suture of nonabsorbable silk 
which might conceivably result in a fibrous, nondistensible rim to the circular 
opening. It is hoped that the anastomosis will dilate as the child grows and as 
more blood is needed for aeration. In peripheral arteriovenous fistulas such 
dilatation of the anastomosis itself does occur, its extent depending upon the 
original size of the fistula, its duration, and its location in the vascular tree. 
Moderate and gradual increase in the size of the anastomosis in tlie Blalock pro¬ 
cedure is probably desirable and necssaiy if the volume of blood passing through 
the anastomosis for aeration m the lungs is to increase commensurate mth the 
increase in size and weight of the child and with the increase in total vohime 
of blood. Unless such azi increase in blood flowing through the anastomosis 
takes place, it seems probable that the patient ■will again show signs of inade¬ 
quate oxygenation as bodily growth takes place. 

It must be recognized that the establislunent of this artificial patent ductus 
carries •with it the same hazards as those associated inevitably 'with the com 
genitally patent ductus, namely, cardiac failure, bacterial endocarditis, an 
endartei’itis. The latter may be controlled by antibiotic therapy, the former 
may be ■without remedy. Inasmuch as the resistance to the flow of bloo 
through the pulmonary circuit ■will al-nmys be less than the resistance ® 
flow through the systemic capillary bed, there ■will be a constant ten ency 
for more blood to be diverted through the anastomosis and therefore thioug 
the lungs and the left heart, which may lead ultimately to an overbur enmg 
of this half of the heart. It seems quite probable, therefore, that these patien s 
Avill eventually succumb to the same difficulties which are associated ■vvi a 
patent ductus, and that their life expectancy is no greater than that ° ® 

patent ductus, perhaps even less, because of the associated anomahes o 
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patent inten'ontrieulnr spi)tnl defect, nnd right-sided cnrdiac hypertrophy. 
In the meantime, however, tlic greatly improved plij^iical statns of these un- 
fortnnnte little patients is a great tKWn to distraught nnd solicitoas parents. 

SU.UII.MIY 

Thirty-eiglit patients with cyanosis have been operated upon. 

In seven, tlioracotony without anastomosis was porfonned with five deaths. 
These fatalities are explained on an increased deflection of unaerated blood 
into the sj-stemic circulation throngh the interventricular septal defect, dne 
to the increased peripheral resistance in the pulmonary vascular bod incident 
to anesthesia nnd to the opening of the chest. 

In twenty-nine patients, a systemic artery was joined to the pulmonary 
artery ns proposed by Blalock: in two, the innominate artery was joined to 
the pnlmonary arterj’ with e.xccllent results; ui one, the right common carotid 
nrterj' was united udth the right pulmonarj' artery, followed by a temporary 
left hemiplegia; in three, the right subclavian artery was joined to the right 
pulmonary artery with one death (in a patient 19 mouths old) and with two 
excellent results. 

In twenty-three patients, the left subclavian nrterj' was joined to the 
left pidmonary artery with two dcatlis, and twenty-one good to excellent 
results. In four patients the left pulmonary artery was completely divided 
proximal to the anastomosis because of sharp angulation at the origin of the 
subclavian artery which prevented a free flow of blood through the anas¬ 
tomosis. Following such division, the distal pnhnouary artery rose in position 
in the chest, the angulation was corrected, and a good flow through the 
anastomosis occurred. 

It is suggested that the left subclavian artery is preferable to the right be¬ 
cause of its greater length, nnd it angtdation at its origin occurs following its 
anastomosis, such angulation can be corrected by complete division of the 
pulmonary artery proximal to the end-to-side anastomosis. 

In two patients, each 9 months old, the Potts procedure of direct 
anastomosis between pnlmonary artery and arch of aorta was performed with 
one excellent result nnd one deatlu 
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DISCUSSION 

DR. F. D. DODEILLj Detroit.—I wish to speak about a small group of patients in 
whom the left subclavian artery was used for the anastomosis to the left pulmonary artery. 
During the last twelve operations for tetralogy of Fallot, I have used the left-sided ap¬ 
proach, a left aortic arch being present in all cases, hoping to use the left subclavian artery. 
An anastomosis was carried out in eleven of these patients. In ten of the patients it was 
quite satisfactory, there being no angulation of the subclavian at its origin from the aorta. 
However, in one patient there was angulation of the subclavian artery as it arose from the 
aorta. Not knowing of Dr. Holman’s technique, I freed up the outer portion of the aortic 
arch and thought that the angulation was definitely less. It is now sbe months since the 
operation, and there is good clinical response. In the one patient in whom the subclavian 
artery was not used, a Potts aortic-pulmonary artery procedure was carried out with good 
results. The youngest patient in this group was 15 months old, the oldest 22 years. In older 
children and adults the left subclavian artery is longer and, therefore, there is a better 
chance that it will reach to the pulmonary artery’. 

In this group in which left-sided approaches were used there was one death; a 22- 
year-old man died of embolism arising in the lower extremity. At autopsy there were emboli 
in the lungs, brain, and kidney. The anastomosis was fully patent without evidence of 
thrombi at the suture line. The remainder of the patients have had a good clinical response. 
The oxygen saturation has increased, the red blood count has returned to normal or near 
normal, and the tolerance to exercise has markedly increased. Previous to this time there were 
twenty-six operations carried out on the right side, using the right subclavian artery, but in a 
few of the earlier cases, the carotid artery was used. There were five deaths in this group. 
In two instances, however, death occurred ns the chest incision was being made and before the 
vessels were isolated. 

If the subclavian artery and a posterior approach are being used, I believe it is im¬ 
portant not to carry the incision too high on tlio chest wall, as some of the collateral circulation 
to the arm might be sacrificed. 

DR. HOWARD T. BARKLEY, Houston, Texas.—We Jiave had only a small series of 
cases, but I wish to add a few words to the experiences of the cssajdst and discussers. 

Wo have been impressed by the difficulty in making a definite diagnosis in these cases 
preoperatively. Perhaps ;vith the use of angiograms, which we have not had available 
up to the present time, we can expect further aid in definite diagnosis; however, it is our 
feeling that in most of these cyanotic patients exploration should be curried out on t e 
chance that some situation will be found that can be helped by anastomosis. AVo found one 
such case with a common truncus arteriosus in which the pulmonary artery was exceptiona y 
small. We feel that this patient would have been benefited by the anastomosis of a 
vessel to the pulmonary artery, but unfortunately the patient died on the operating ta e. 
This is the only death we have had at operation. In dissecting out the pulmonary nr cry 
on the left side, we had completely occluded the blood flow to the lungs by tension a 
bifurcation of the main pulmonary trunk, thus producing a complete anoxemia. This was 
shown to be true at autopsy; therefore, we advise great caution in dissection of the vesse s m 
the mediastinum until the true situation can be seen. 

We have preferred the posterolateral approach because of the additional working 
and better visualization, and wo prefer to the left-sided approach if there is no appar^ ^ 
contraindication. In one of our early cases, we used the right-sided approach 
left aortic arch, expecting to use the right innominate or subclavian in a very sma 
Wo were unable to find a pulmonary artery on the right side and had to withdraw, 
wo have felt we would always have a better opportunity using the left side in 
the base of tlie heart and finding even a small pulmonary artery, if tliere is 
and perhaps being able to make some type of anastomosis rather than having to a mi 

DR. CLARENCE CRAFOORD, Stockholm.—I would like to make a few 
ments and show two slides. Wo now always try to get an anatomic diagnosis, rong 
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- csirdio^nunfl Iwforo oponition. I know that tho niastor in this field considGra cardlognmu not 
to be ncccswry; by information from good cardioanglognima wo get, preoporativdy, informa¬ 
tion 03 to how tho pubnounry artory, tho ftorto, and tho big vessels leaving tho arch are local¬ 
ized and information on tho sire of tho pulmonary artery and its branches. Wo perform the 
cardioangiograms la children most often under geocml ancstlicsia, either with injoctioa in 
the cubital vein or, if this method docs not give satisfactory results, through the heart 
catheter when all Information at cntlictcrlzation is obtained. These exact data are of im¬ 
portance for llio planning of tho operation. The following slides will demonstrate what I have 
DOW sold. 

(Slides.) TMiero there is difficulty in bridging over tJie gap between the subclavian 
artery and tho pulmonary artery when performing the enci to-sido anastomoses between 
these vessels, I have found It most helpful to divide the pulmonary ligament up to tho lower 
pulmonary vein, which permits the whole hllum of the long to 1)0 considerably elevated in 
a cranial direction, thus facilitating the annslomosos without tension. 

DR iTDLIAK JOHNSON, Philadelphia.—We have encountered two patients in whom 
tho subclavian artory wna so short that It seemed to us that it would bo impossible to use it to 
do tho Blalock operation. On the bn.sis of cxporunontal work iu the laboratory, we felt that we 
eoald safely do a vein graft to increase the lengtlt of the sul)clavian artery, so that it could 
be anastomosed to tlio pulmonnry artery. In both Instanrct., we took a section of the super- 
flelal femoral vein nnd used it os a graft Iwtween tho end of tJie right subclavian orteiy and 
tho right pulmonary artory. Both patients obviously lind functioning anastomoses witli a 
left or right shunt. Unfortunately, one of these patienle died from a piibnonary embolus, 
apparently having arisen nt tlio site where tho vein vras taken in tho superficial femoral area 
and having lodged in tlio pulmonary nrtcry nt tho point of stenosis. The other patient, 
However, has done exceedingly well and hos a loud continuous murmur. It would seem to us 
that when ono cncoontcrs the situation of nn Inadequate length to the systemic vessel, that 
if other maneuvers are not adequate, one can snfely use a vein graft to fill the gap to tho 
pulmonary artery, 

DR. ALFRED BLAJXKIK, DoJtimoro.—I want to congratulate Dr. Holman on this 
•xcellcnt presentation. The suggestions whicJi ho lias made regarding points in operative 
techniquo are good. In this connection I would like to caution that tho clamp which we devised 
for occluding the pulmonary artery should not be ureJ on systemic arteries. If tlio clamp is 
applied tightly, it will crush tho intlma of a systemic artery. 

Dr. Crafoord, I wish wo foil as confident of tho diagnosis in all cases as you seem to 
think we do. Even so Pxt>ort a diagnostician ns Dr. Taussig is uot always certain na to the 
exact nature of tho malfornintion. As an example, I have performed anastomoses on at least 
flvo patients who had a transpofution of tho great vessels under tho assumption that we wero 
dealing with pulmonic stenosis. 

It was my impression prior to 1047 that an artificial ductus should not bo created in tho 
treatment of pulmonic fctcnosls if the pressure in the pulmonary artory is greater tlion 350 mm. 
of water. Subsequent cxpcricnco has shown that this impression is wrong. Several months 
®Bo an artificial ductus wns created in a patient in whom the pressure in the pulmonary 
artery 630 mm. of water. The pulmonary artery was of good size, and tho pnlsations were 
•trong. This patient has improved markedly following tho operation. 

In regard to the site of tlio incision wo still uso the anterior approacli but feel that 
there is no strong objection to tho posterolateral approach. We now make tho incision into 
the chest through tho second interspace instead of the third. I would like to show a few 
Isntern slides of drawings wliich demonstmto tho various operations which may be used. 
These show an end-to-side anastomosis between the sabclavian branch of tho innominate and 
tlie right pulmonary artery, and end-to-side anastomosis between the subclavian branch of 
the aorta and the pulmonary artery, and end-to-end anastomosis between tho subclavian 
^ery and the pnlmonarj* artery, and a sldo-to-slde anastomosis between the aorta and the 
pulmonary artezy*. I would like to emphasize Dmt ft good end-to-end anastomoaia is preferable 
tu a fair end-to-sidc ona 
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In conclusion, I would like to express an opinion as to the choice of operative procedure 
under various conditions. If the patient’s aorta descends on the right, instead of tlie left, 
which occurs in about 22 per cent of the cases, I think that the incision should always be 
made on the left and an anastomosis performed between the subclavian branch of the in¬ 
nominate and the side of the left pulmonary artery. ‘When the innominate is on the left, 
tliere is rarely any difficulty in approximating its subclnman branch to the pulmonary artery. 
Approximately 155 of our 650 patients have had an aorta which descended on the right. When 
the aorta descends on the left, we vary the approach somewhat according to the age and size 
of the patient. In patients between the ages of 2 and 12 years, and these constitute the majority, 
the incision is made on the right, and the end of the subclavian branch of the innominate is 
usually anastomosed to the side of the right pulmonary' artery. In patients who are more than 
12 years of age, we usually make the incision on the left and use the subclavian branch of 
tlie aorta. This is the procedure about which Dr. Holman has spoken. The left pulmonary 
artery is at a slightly higher level than the right, and this aids in the approximation. In 
patients under 2 years of age, the choice varies. If we think that the subclavian artery is 
large, normally we make the incision on the right and use tlie subclavian branch of the in¬ 
nominate. If it is thought that the subclavian artery is quite small, wo make the incision on 
the left. If the subclavian is found to be largo enough, we anastomose it to the left pulmo¬ 
nary artery. If the subclavian appears too small, we perform a sidc-to-side anastomosis between 
the aorta and the left pulmonary artery ns developed by Dr. Potts. We do not advise opera¬ 
tion on patients under the age of 2 years unless they' arc doing very poorly. The important 
point to remember regarding the operative procedure is that one should be aware of tho various 
methods that may be used since there is no single procedure tliat can he applied satisfactorily 
to all patients. Most of tho unfortunntc experiences nrirc ns the result of a poorly developed 
or absent pulmonary artery. There is always a systemic artery which can be utilized. 

DB. HOLhIAH.—I want to thank the mnstcr for gh-ing us the final word on this subject. 
We, too, have found that we could perform anastomosis witli pressnres in the pulmonary 
artery as high ns 420; we have not gone higher than that. 



DEVBLOPJtENT OF AFASTOJIOSIS BETO’PIEN THE CORONAEY 
VESSELS AND A TRANSPLANTED INTERNAL JUJUIART ARTERY 

jVRTiitm 51. AYNT-nERG, 5r.Sc., Ph.D., 5LD.C.5L, SIoxtreal, Quebec 

D uring the past fifteen years many attempts have been made to augment 
impaired coronary eireulation. Three main jn’ocedurcs have been de¬ 
scribed. Tlie first of tliese is dependent upon tlie grafting of a vascular 
slmeturo to the vonti-icnlar ■n-all sncli as the pectoral mnscle graft of Beck in 
1935 or the great omental graft of 0’Shaughnessy in 1937. 

TIic second procedure employs the parietal pericardium ns a source of 
fresh blood. Talc powder or asbestos fibers are introduced into the pericai'dial 
sac. The reaction caused by tlie foreign body particle stimulates the formation 
of granulation tissue between the visceral and parietal pericardium. 

The third procedure, described by Fnuteux in 19-10, depends upon ligation 
of the vena mngna cordis to increase ventricular circulation. 

All three procedures have been carrieil out ujton human cases of coronary 
artery disease. The first two mcthoils bring ii fresh supply of arterial 
blood to the vcnlricluo through a layer of granulation tissue. In time the 
granulation tissue contracts into scar with residfant choiring off of the newly 
formed blood vessels. The third procedure lelias uiion venous occlusion to 
open nnastomascs between the paidinlly tlnomboscd eoronorj" arteries, arterial 
luminal vessels, and arterial sinusoidal vessels. 

The basic objective in this work has been to supply a fresh source of 
arterial blood to the heart muscles. In order to do this, the left internal 
mammarj’ arterj' has been partially removed from its normal position on the 
ehest wall and implanted into the myocardium of the left vcntrielo. In this 
way we thought that a communication might be developed between the im¬ 
planted internal mammary arleiy and the left coronary circulation. 


METHOD 


Basically, the method consists of freeing the left iutomal manmiary 
arter)- from the cliest wall for variable distances. All intercostal branches 
are tied and severed over the free part of tJic aihcrj^. The arterj' after being 
doubly ligated is cut acro.ss at its distal end. The pro.vimal free cud of the 
artery is drawn through a prcmously prepared tunnel in the anterior wall 
of the left ventricle where it is fl.vcd. All operations were carried out imder 
aseptic conditions and the animals wore kept from six weeks to thirteen months. 
At the end of this time they were either sacrificed by bleeding or the anterior 
descending branch of the loft coronary artery was ligated at its origin. The 
circumflex branch of the left coronary artery was ligated in those animals 
surviving an anterior descending branch interruption. After death the internal 


ThI, -n-ork v-tt* oMlHeU by a grunt-Ui-aia from the DUislon of MoUrcal R™e»rch of Uio 
National Research Council. 

p. . Protn the Beportment of Surcery. Royal Victor^ Hojpital and the Dopartmenta of 
oyiwlogy and Experimental Suretiry, McOtH Unlverelty. 

- p Read at the Twenti'-elchth Annual Meeting of Tlie American Aasoclatlon for ^oracle 
Nursery, Quebec, Canada, May 11. Juno 1, 2, 1948. 
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manunarj’ artcn’ was caiinulntcil and its distal end injected proximal to tho 
heart. The Gross or Sclilcsinger teclmique o£ injection was employed. Certain 
specimens were injected with a iilastic solution and a cast was made of tho 
arterial lumina. 



*■11. 1, a— x-rar of tho left coronoiT ItM which hM allwl by taJeotloK Uie In- 

ternal mammary artery four montli* after It wna Implanted Into the left ■ventricular wall. 


PHOOK OF ANASTOMOSIS 

The presence of anastomosis between a transplanted left internal mammary 
artery and the left coronary circulation has been studied by means of 

(1) x-ray o.xaminntiou of injected specimens, 

(2) serial sections taken through tho sito of anastomosis, and 

(3) tho making of a plastic cast of the arteries involved to show tlic nature of 
anastomosis. 

The photographs shown in Fig. 1, A, B, C, D, E, and F represent studies 
made on Dog A6 in which tlio internal mamraarj- artery was transplanted into 
the left ventricle on Peh. 4, 1946. The dog was killed on Juno 14, 1946, 
approximately four montlis later. The photographs slioivn in Pig. 1, A, and B 
are of the same heart after it has been injected by a pink Schlesinger solution. 
It should be noted that tlie vessels of the left ventricle only have been filled. 
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Fig. 1, X). Ej and F .—^The transplanted Internal mammary arterj' lying within G'® ^ ^ ij 
Of tlie myocardium at the end of four months. Note that the only change to be fherc 

a tlilckenlng of the Intima. E, It will be noted that in tlie upper portion of the ^t^n m 
is an Indentation which is the beginning of a branch, B shows the internal 
with the branch well developed. P shows a branch of the internal mammary arterj } 
alongside of the parent vessel. ; ,,,, 
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Tho x-my studios (Fijr. 1, C) showed tlmt tlic left eoroimiy nrtoiy tree 
was filled by injecting the left intemnl mammary nrten- four months after its 
implantation into tlic left vontrieular wall. 

Serial sections (Fig. 1, I), K, and F) taken tlirougli tlio site of the internal 
mammarj- arterj- implantation showed: 

1. In the upper portion of the section there is an indentation 

whioli is tile beginning of a branch. 

2. The internal mammary arterj- witli hrancli well-developed. 

3. A branch of internal mamniarv artery lying alongside of the 

parent vessel. 

Photographs shoim in Fig. 2, A, B, C, I), E, and F represent studies 
made on Dog AG in M-hich the internal mamnuny arteiy was transplanted 
into the left ventricular wall on Feb. 11, inifi; the dog was killed JIarch 25, 
1947, approximatcl.v thirteen months later. 

Fig. 2, A, and B shows tho filling of the left coronaiy circulation after 
the internal mammarj- ai-lorj- was injected witli Sclilesingcr solution (blue).. 
Serial sections (Fig. 1, C, D, E, F, and G) show an indentation developing in 
tho wall of tho artery (internal mammary) lying within tlie ventricular 
myocardium. This indentation gradually develops, becomes larger, and finally 
separates into an independent Iimncli which is seen Ijdng alongside of the 
pargnt vessel. 

' The photograpli sliown in Fig. 3 represents a plastic cast wliieh was made 
el Ihe internal mammary artery and the left coronary circulation on Dog AlO. 
This animal had a left internal mammarj- artery transplanted into the left 
ventricular wall on Juno 21, 1940. Tho anterior descending branch of tlio left 
coronarj- vessel jvas ligated on April 12, 1947. Tlic dog was killed on Jlay 12, 
1947, at which time a plastic cast ivas made of the iutci-nal mammary artery. 
It sliould ho noted that the intcrcostals which had been tied off by cotton 
sutures failed to branch, ■whereas tlmt part of the artery lying within the heart 
showed numerous new- branches. 

RESOI.TS (table i) 

Hesults are di\-ided into four main groups. Division depends upon tlie 
method used to prepare the itei-nal mammary arterj- for transplantation into 
tho left ventricular wall. 

Group 1 .—Tho internal mammarj- arterj- was freed from tho sixth inter¬ 
costal branch to the subclavian arterj-. By this means a very long piece of 
artery was obtained wliich could be implanted into the left ventricular wall 
ivithout angulation. A total of thirty-nine dogs was operated upon of which 
fourteen survived more tlian one montli. In this group there was not a single 
case of arterial anastomosis. 

Group 2 .—The internal mammarj- arterj- and vein were freed together 
from the sixth intercostal to the fourth inclusive, Tho total number of animals 
operated upon w-as eighteen. Those that sm-ived were eleven in numlier. There 
was one (9 per cent) anastomosis. 
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Group 3 .—The intenial mammai-y artciy was freed from the sixth to the 
second intercostal arteries. The total number of dogs operated upon was 
thirty-one, of which fourteen survived. There Avere three (20 per cent) 
animals in which there was a proved anastomosis and one in which the 
anastomosis was suspected. 

Group 4 .—The arteiy was freed between the sixth and fourth intercostal 
vessels. In this group there were sixteen animals of which nine survived more 
than one month, and there was a ])rovcd anastomosis in four (44 per cent) and 
suspected anastomosis in two animals. 



Fig. 3.—A cast has been made by Injecting the Internnl mammary artery 
tic substance ten and onc-balf month.s after Implantation Into the left ventriwiar wan. 
small sharply cut off branches to the right are Intercostals tied with cotton. The fine am 
tions to the left have developed within the heart muscle. 

When anastomosis occurs between the transplanted left internal niamniarj 
arteiT and the left ventricular vessels, there appeals to be no connection 
between this anastomosis and the coronary vessels of the right ventricle. There 
is evidence to show that when this anastomosis is present it does not pro ec 
against a circumflex branch ligation. On the other hand, there is evidence o 
suggest that the new vessels will protect the left ventricle when the anterior 
descending branch of the left coronary artery is ligated at its origin. o a 
of twenty-nine dogs was subjected to ligation of the anterior descending ranc i 
of the left coronarj^ arteiy at its origin following transplantation of the 
mammary artery into the left ventricular wall. Of these, twenty- our 
within twenty-four houi’s of ligation and there were fiv^e which survive . 
should be noted that of the five survivors there were tlmee in which t iw^^ 
no anastomosis. All three showed massive ventricular wall infarction. 
these- showed residual branches of the anterior descending arteiy w 
not included in the ligature. One smwived in spite of infarction an a ^ _ 
properly placed to include all branches. Two of the five 
anastomosis with the left coronaiy circulation and no evidence ot a 
wall infarction. 
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DISCUSSION 

Certain facts have been established wliich are difficult to explain. It is 
not clear what the mechanism is which permits an arteiy wth one end closed 
to remain patent for mans'- ''veeks and even months.. Nor is there an explanation 
for the tendency of a transplanted internal mammary artery to form new 
branches when placed in a new vascular bed. In practically all instances when 
the artery was occluded by scar or a thrombus within the heart, new branches 
were sent out to the pericardium and chest wall. In many instances the artery 
reformed a completely new set of intercostal vessels. There is cadence that 
angulation of the artery plays an important part in its occlusion and that 
traumatization of the arter}' results in thrombus formation which might be 
diminished by the use of anticoagulants. 

Certain technical difficulties which have been encountered in the dog 
should not be met with in man. The proximity of the Inunan heart to the 
chest wall, and thus to the internal mammarj' artery, makes the possibilitj' of 
angulation less likely. The mediastinum is nonexistent in the dog which pre¬ 
vents an extrapleural approacli to the artery wliich will be possible in man. 
The extrapleural approach should materially duninish scarring of the artery. 
The accumulation of intrapleural fluid is practically impossible to control in 
dogs. Control of pleural fluid and the use of anticoagulants present no great 
problem in the human being. In the dog the internal mammarj' artery has 
been transplanted into a myocardium where there Avas a good arterial pressure. 
In man suffering from coronary artery disease, this Avould not be true. For 
these reasons it is thought that transplantation of the internal mammarj' 
artery into the wall of the left I'eutricle, in human cases of coronary artery 
disease, would have a better chance of foming a new' vascular bed in man than 
in the dog. 

CONCLUSION 

The left internal man-miaiy artery, after implantation into the left ven¬ 
tricular w'all, fonned a communication w’ith the circulation of the left coronary 
vessels. 
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DISCUSSION 

DB. SAMUEL ALCOTT THOMPSON, New York.—For approximately nine years we 
liavo been using a form of surgical treatment for patients having coronary di^ase m 
angina. We consider this a form of reliabilitation rather than cure of tlie patient. e 
use U.SY*. talcum powder inside the pericardial sac, wliich produces two results, esta is 
ment of pericardial adhesions and myocardial hyperemia. The myocardial 
profuse and prolonged. It is likely that a form of talcum powder granuloma is pr u 
which lasts for many years, and this is characterized by increased vascularity an lypere 
This is a reversal of the myocardial ischemia which occurs in corona^’ a ^ 

In a scries of tldrtj'-six seriously handicapped patients, six. haxe e . prrrflent 

in^ paSents, 85 per eent are improved, and these results are classified as good or excejeah 
“nSourpatients the results were poo'r. Eight patients have been completely rebeved 
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their angina and consider tlicnuclvea to bo practically norraab The criteria of rolmbiiitation 
are first, relief of nngliml pain; second, on increnso in the axorcisc tolerance; tliird, tbo 
ability to take enro of their daily needs so tlmt moving about and traveling is possible, 
and fourth, a return to tlioir former, or at least some gainful, occupation. 

The need for rolmbiiitation of such eases becomes appiront from a study of the 
vital statistics.' In 1015, the total death rafo In Ilia United States was approximately one 
and one-half million; almost SO per cent of tln'm* were cardiac deaths, more tlian 400,000. 
Of the cardiac deaths, over 130,000, or approximately 10 per cent of the total death rate, 
were deaths from coronary disease. It is likely tlmt a large percentage of tliis group was 
incapacitated to some degree l>ofora death. 

This is a simple mcthotl of tieating such Wo do not believe it leads to scar 

tissue or constrictlvo iH*ricnrditis. Tlio jmtleiils are clierkod for tliis at intorvuls by measur¬ 
ing the venous pressure, and in none of the imllenta has the vcnoiis pressure gone above 
iti prooporativo level. If such a condition were going to develop it seems that it would have 
developed in nine years. 

DB. ALFRED BLti\LOCIC, Baltimore.—I do not think that I would have the temerity 
to discuss this pajwjr if Dr. Claudo Bock, who has jierfoimod such monumental work ou the 
hlood supply of tho heart, wore Iiere. As souu* of y«m know. Dr. Bock and liis associates 
have reported recently on experiroenU in which one of the systemic arteries was anastomosed 
to the coroanr}' sinus, Dr. T. X. P. .lohn.s and I porfurjoerl similar cxpcrimcrDts, as have 
others, and I would like to speak briefly of thcjc. In some of those experiments the 
proximal end of tho divided subclavian artery' wns onnstomoseil to tho side of the coronary 
riaos and in other experiments the proximal ood of tho carotid was anastomosed to the 
divided end of the coronary sinus. Tho purpose, of conrw, was to try to cause a retrograde 
flow. In the experiments in which an end-to-side nnastomosis \vna performed, most of the 
flow of blood went directly into tho right auricle. In tho erporimonts in which on end-to- 
end ouastomofllft was performed tho iramedlato mortality was quKo high and the incidence of 
thrombosis of tho anastomotic alto in those that survived was quite high. I wish to show 

lantern slides of the autopsy findings in three experiments In which survival occurred and 

the anastomosis remained patent. The coronary sinus becomes mnrkodly dilated and 
thickened. We arc unable to say whether retrograde flow tJirough tbo capillaries occurred. 

Tho point I wjsli to make is tlmt this b a highly dungorous oporatlon ovon in the 
experimental animal and that tho incidence of tliromlKxds in tho experimental animal is 
quite high, A\nicn One considers that the nvomge length of life in patients who survive tho 
first attack of coronary occlusion is approximately five years, I think that one should bo 
very reluctant to aso such an opemtiro procedure. Only yesterday Dr. Churchill and I 
took a long walk with a surgical colleague who had had his first episode of coronary oc¬ 
clusion twenty years ago and there have l>con repeated episodes since then. I tliink that 
both Dr. Churchill and I wore more oxliaustcd at tho end of this walk tlmn was our 
turgical colleaguo. I do feel, however, tlmt it is very important to continue to carry out 

experiments on attempts to increase tho blood supply of tho heart, 

F. B. MAUTZ, Olovolond.—I Iiave enjoyed Dr. Vineborg’s paper very much, 
and I cannot rofrain from making a fow- remarks concerning my own experiences whilo 
working with Dr. Beck on tlio original idea of producing new arterial anastomoses. It 
^ tmw been well established that new arterial anastomoses between a coronary artery 
and an extracoronary artery con be produced by man. TVlten first formed these vessels 
we small, of 100 micra or less in diamotor, and therefore they cannot carry very much 
blood. However, if there is elowly progfesslvo occlnsioa of tho coronary artery, then these 
coUabrals Increase In slio. However, the first channels to enlargo are tliO pro-eiisting 
“astomoses between the adjacent coronary arteries. We have seen instances in the oiperi- 
®®^tal animals where tlicso vessels have increased one hundred times in cross section. When 
^>oth coronary arteries are slowly and progressively obliterated it is then that tho extra- 
wrcFnary anastomoses becomes more significant. Tlie heart can nm on perhaps less than 
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one-third of the total nrailablc coronary arterial capacity, of course nith some restriction 
of activity. So vre might say that the arterial collaterals prefer to follow the shortest 
detour around an obstruction, and I believe there is much to bo learned about the factors 
that cause these arterial collaterals to enlarge once they are formed. TVe have observed 
one fact that may offer a clue. When after ligation of a coronary artery branchy infarction 
in the area distal to the branch is almost complete, then no enlargement of collaterals takes 
place no matter how long the wait. If, however, there is surviving myocardium in the 
area supplied by the arterj', then collateral channels enlarge to an amazing degree, that is, 
rougldy, proportional to the amount of surviving muscle and may, as I have said, amount 
to one or two hundred times the cross section of the pre-existing collateral channels. 
Teleologically, it might be considered that the demand for blood determines the ultimate 
degree of enlargement of the collateral channels. I tliink it would be best to say that there 
are probably metabolic factors in the partially ischemic zone of muscle that exert a pro¬ 
found influence upon tho adjacent collateral arterial channels. I think there are great 
unexplored areas in metabolism of partially ischemic tissue, and Goldblatt’s work on the 
kidney is a brilliant example of such an altered metabolism. 

These little collateral arterial channels that man can now make, in addition to those 
that are already there, may seem of little or no functional value to the physiologist. WTien 
we find better ways of aiding them to grow, that will 1)0 of tho greatest significance. 

UR. EMILE HOLMjVN, San Erancisco.—May I express groat skepticism that anyone 
will ever be able to convert a vein into an artery. Jlont Reid made an attempt to rererse 
the circulation in the kidney but it resulted only in a fibrotic and functionless kidney. 

DR. ARTHUR M. ^H^^EBERCT, Montreal.—These people have a very slim margin. 
Tho }>atients one would operate on are those who are no longer enjoying life; none of 
them would bo able to take a long walk twenty years later. Many are totally incapacitated. 
In the surgical cardiac clinic at the Royal Victoria Ilo.spital, we liavo had many cases with 
the coronary arteries practically occluded in which there was a very' small stream of blood 
supplying the ventricle. Simple ligation of the great cardiac vein involves slight tipping 
of the ventricle, and the pushing of the auricle to one side. Wicn this is done, we have 
seen tho blood pressure drop rapidly to dangerously low levels. 

I do not see how anastomosis can be made to the coronary sinus in its present position, 
without great harm to tho patient. If we are going to operate on these people we have 
to do so quickly and by a simple procedure. We arc not ready to go ahead with human 
patients as yet, but this operation is extremely simple. I would like to show one slide to 
show how tho artery lies in position within the ventricular muscle. 



COJLPLETE FAILURE OP STERNAL FUSION WITH 
HERNIATION OF PERICARDIUJI 

llEPOitT OP A Case Corkect™ Suh(iicam,v in Inf.occv 

Ihauiyurr C. JIaier, JLD., New York, N. V., and Frank Bortone, II.D., 
Jctsev ('itv, N. .1. 

E xtensive mHlIorninUons ot Ibc Ktomum wtiieh arc ol climeal significauoe 
in tlio neonatal jicriod are very rare, llinor congenital anatomic vaiiations 
arc oecasionnlly found. Complete failure of atcrnal fusion is usually associated 
nnth other .serious anomalies, such as cetopiu cordis, which may he incompatible 
with life. We are reporting a ease of c.stensive maldcvelopment of tho sternum 
associated with protrusion ot a part of the pericardium through the thomcio waU 
defect. Surgical correction ot the ahnorniality wa.s succes.sfully accomplished. 
This case demonstrates tho importanco ot aurgical iuten'ention shortly after 
birth it a normal thoraeic cage is to he attained. 

An extensive study ot the devcloimieiit of tlie sternum from both the onto- 
gciiic and phylogouic standpoint ha.s lioen made by Hanson,' and his conclu¬ 
sion!; have Ijcen most widcl.\' accepted, .\ccording to him the sternum first arises 
as two laterally situated sternal baiuLs independent of tho rilrs (Fig. 1). These 
sternal bands are already present in the C-weck-old embryo. At tho cephalad 
end a single median anterior I'udimont which is intimately associated with the 
shoulder girdle also dovcloiw. Oradually there is approximation ot the sternal 
bands ■nith the vontrally growing tii)s of the riUs. Simultaneously tho two sternal 
bands fuse with each other. The fusion of the stcmal bands is ttsually eom- 
idetc by the ninth week ot ombi-yonic life. There is also concurrent union of the 
sternal Imnch? with the anterior sternal rudiment. Subsequently transverse di- 
^^8ionR of the cartilaginous sternum result in a, numlmr of sternebrae. These 
lines of division or sutures always occur op)>ositc the ends of each pair of ribs. 
Ossification of these intercostal sternebrae ocenrs -with the appearance of one or 
more center's for cacli segment. At birth the stenrum is cartilaginous except for 
small areas of ossification. 

CASE RETORT 

A.-L., n female infant, was detlTOrod at the Margaret Hogue ilntemity Hospital on 
Juno 24, 104S.* Tlio birth weight was 3,250 grams. Tho baby cried spontaneously, and respi¬ 
ration and circulation seemed normoL Tho physical findings wore normal eicept for tho thoracic 
abnormnlity. Wlien tlio infant cried there wns bulging of intiathoracic strneturos throagh a 
defect in tho mldllno of tlio anterior nspoct of tho thoracic cage. On palpation complete lack 
of fusion of the two lateral components of tho stemnm wna evident. Thera was but slight 
separation if the caudal ends, whereas the upper ends of tho sternum were about 1.5 em. apart. 
As a result there was an increaso in tho width of the upper portion of the thorax, tho chest 
having a contonr more llhe a cylirrder thim a truncated cone. The sternocleidomastoid mirscles 

Rrom tho B. 8. Poliak Hospital for Cheat Xrlsenaes. Jersey Cltj", N. J. 

Iteni at tho Twenty-ninth Annual Meotinc of Tho American Association for Thorafclo 
Suirery. Now Orleono. La., Mareli 20-31, MHO. 

•Roforred to us throuEh the courtosj- of Hr, Samuel A, Cosctoto. 
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assumed an almost vertical position because llio inner ends of the clavicles were displaced 
laterally to a considerable degree (Pig. 2 ). The ribs ends had apparently fused with the lateral 
sternal bands in a normal manner. Cardiac pulsation was visible and could bo readily felt 



Fig, 1.—Diagrammatic presentation oC slcmal development in the C-weck-old embryo. There are 
two sternal bands which have not yet fused with the anterior ends of the ribs. 



1 ,'Ig. 2.—Type of sternal maldevelopmcnt present In reported Mse. 
pletely separated, A wide gap is present between the inner 


sternal bands are co"’ 
of the claHcles. 
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jittt beneath tlio skin in tlic lou'or part of the stcinnl defect, Tlion? ^nis alternating retme- 
tlon and bulging of tlio soft tissues through the stcmnl gap with insplmtion and expiration 
(llg. 3). These movemontfl were quite marked when the infant rri(Kl or strained. There was 
no c^nnosls or other obvious evidence of circulatory distarbanci) associated with the para- 
doiicttl motion of the thomcic wall nt the site of tho defect. Tliorc was no clinical evidence 
of congenital heart Oiecnsc. 

Tlic only other abnormality nolcil was n niidliiK' defect of the denim extending upward 
from the umbilicus for u diatance of 2 cm. Its uiqHtiniaec re^mibloil tliiit of a healed linear 
scar. No umbilical homln was evident. 



I'iit 3.—PhotoBTopii of lofnnt at 2 week* of nge. Btrmnl defect Indlcntod by retraction of 
chc^t wrU In tnldllno on deep InspIratJOD. 

Roentgenogmms of the chest allowed allglit widening of tho upper part of the tliomx and 
of the toediostlnnl ahodow, and elevation of tho diaphragm (Fig. 4). Tho lung fields wero 
^ear. The clavicles appeared to bo nonnnl but retmetod laterally. It was not possible to 
demonitrate tho Btornal defect itself since tho sternum at birth is still almost entirely cartilag- 
hioaB. The lateral view on deep inspiration revealed n marked retraction of the soft tissues 
*^f tho anterior cheat wall with posterior dlaplaconiont of the trachea. 

Operation was recommendod when the infant was seen nt the age of 2 weeks, but tJio 
procedure vras ^ot undertaken at once. Wo did not appreciate at tbe time the error that wo 
were making in delaying opomtion. Wlien first seen tho stomal bands could almost be brought 
together in the mldline by lateral compression of the thomcic cage. This maneuver did not 
cause any respiratory or other obvious embarrassment to tho infant. Four weeks later, how¬ 
ever, the thoracic cage was lees flexible and the npjpor port of the defect wider, so that lateral 
compression no longer brought the edges of the sternal bands together with ease. The nd- 
^rabUIty of correcting the deformity without further delay was tlicn very obvious. 

The operation was performed on Ang. H, 1D48. Cyclopropane onesthosin was given, but 
the breathing rras not satisfactory until tho sternal bands could be brought together. Prior 
to that time the defect pormitted so modi paradoxical motion that the ventilation of the longs 
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^vns inadequate, 'X satisfactorU^ aerate the Inngs. 

: ::^ri::r~ 

incision of the subcutaneous tissues apericardium which not only protruded 

in the lower half of the , j ^perficinl to the thoracic cage and pectoral muscle 

;'X'.:,:.:;- 

' .xr\. ;.'=>? 

■!; ' ' -.. ■ .'■ .c .-t 
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0 position of 

yjg. 4.-Preoperative roentgenogram; ^ 

slightly when the infant strained. The pericardium pericardial 

LLhkur anteriorly ivith an associated increase m the otherwise nonna . 

Se tyL" bulged into the upper part of ^i^^tas Entered during the operatiom ^ 
iings were not visualized, and neither pleural cam^ was 3„T,eutaneous fat, out 

The herniated portion of pericardium was di^eo d ^.^s ^ 
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Themforc, tbo cartllaginoua part of tl'o stomal bamls ou each ^iJo was dividctl titiiis\'orselj' 
*t the level of the fourth intcrepaco lo timt tho imvnnl curve at the caudal end could bo elimi¬ 
nated (FJfp. (J). In M doing, cam vra:^ tJtken to amid complete division of (ho poricliondrium 
Ifttemlly vrhich would have interrupted the continuity of the sternum. 



Flff. 3.-Oneratlvo flnainca. Tlio herniated. re<lundont porlcnrdium «ten(l8 »upertclal to the left 
half of tho Btomum. Tlomun la aecn In tho upper part of tho Incltlon. 



FI*, a._Operative procedure. The pericardium and thymuj are now within the thorajc, 

and the two sternal bands are beln* brouKht toeirther with Interrupted suture*. A partial trans¬ 
verse dl\ision of the sternal cartllacro at tho lore! of the fourth Interspace has aided allrnment. 
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S.—^Postoperative roentgenogram. Contour of tlioraclc cage Is now normal. 
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Tbe two stonml bands covered by pericliondrium wore brought together and held In the 
mWline vrith a series of Intcrruptctl silk sutures. The first few sutures of 00 silk were tied with 
some tension which, however, was relieved by additional sutures. Tiie stitches were inserted 
through the ralddlo of the stomal band on each side. Thus, perichondrium was brought in 
opposition to perichondrium. A satisfactory closuro was obtained. Tho poctoml fascia was 
brought together with very fine silk in tho mldlino as an additional layer. Tho skin, which 
wts slightly redundant, wns dosed with intcrroplcd slDc. Tho baby’s condition was good 
throughout tho operative procedure. 

The postoperativo courso was uneventful. No respiratory or circulatory difQculties arose. 
The temporatuio was normal on the second postopcmtlvo day. Tho wound healed by primary 
union. No separation of tho stonml components ocenrred at any time following tlio operation. 
Eoentgenogram of tho chest rovenled no abnormal findings. Tlio contour of tho thoracic cage 
Is normal (Figs. 7 and 8). The baby was developing well when seen at 8 months of age. 

DISCUSSION 

After obsemng the changes wliich occurred in the Uioracic cage of tliia in¬ 
fant betwoen the second and sixth week after birth, tve feel certain in retrospect 
that the operative procedure should have been performed at an earlier date. At 
2 weeks of age tho lateral components of the stemum could bo brought together 
rather easily by gentle manual compression of the shoulders toward each other 
anteriorly so ns,to bring the inner ends of the clavicles together. This was no 
longer possible when tho operation was performed at 7 weeks of age. The shape 
of the defect liad also changed by this time. At birth the width of the gap be¬ 
tween the upper end of the lateral components of tlio sternum was only slightly 
greater than the width of tlie gap at the lower end. By the sixth week, however, 
the upper ends were more ■widely sepamled, whci'cas the lower ends were per¬ 
haps slightly closer together so as to produce a V-shaped defect- It seems that 
the weight of the shoulder girdle transmitted through tho clavicles accounted for 
this change. The normal intrauterine posiliou with tho shoulders rotated for¬ 
ward across the diest probably eliminates much traction on tho lateral parts of 
the nonfused sternum prior to delivery. After birth, however, the infant was 
lying on her back most of the time, and such a position would tend to increase 
the separation. 

Prior to operation we ■w'cre concerned over tlie effect upon the heart, great 
vessels, and air passages of bringing tho sternal edges together. Subsequent 
developments showed that in this particular case the intrathoracic structures ac¬ 
commodated readily to the correction of the thoracic cage defect, 

A thorough reriew of the literature on cleft stemum and ectopia cor^s was 
made by Greig.® The extensive bibliography which that article contams lists the 
references on cleft stemum appearing before 1926. He analyzed 39 reported 
cases of cleft stemum in which clinical data were available in more or leas detail. 
In 20 of these cases vaiying degrees of nonfnsion of the component parts of 'the 
sternum wore present without cardiac displacement. In an additional 19 cases 
cleft sternum was associated ^vith ectopia cordis. There wore 15 further cases 
of ectopia cordis but -without cleft stemum; in 13 there was abdominal ectopia 
cordis, while in the remaining 2 cases cemdcal ectopia was present. A few in¬ 
stances of prolonged survival with on intra-abdominal heart are on record. No 
patient with cleft sternum associated with eclopin cordis has lived for more than 
11 few weeks. 
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Since tlie steninm may be entirely absent "witbont a true ectopia cordis, it is 
obvious that nonfusion of the sternum is not necessarily related to the displaced 
position of the heart. In cases of an autethoraeic position of the heart, however, 
a defect of the sternum must also be present. In some of these there may be only 
a relatively small opening in the sternum through which the great vessels pass. 
There is frequently no sldn and no parietal pericardium over the exposed heart. 
In our case there was herniation of a redundant pericardium through the sternal 
defect. Tliis factor in itself would have prevented fusion of the lower part of the 
stemal bands. 

Nonfusion of the stemal bands may erroneously be described as absence of 
the sternum. If the sternum is truly absent, the inner ends of the cartilages 
would not be jomed to each other by'- a cartilaginous bar, since the latter is a 
part of the sternal anlage. Only post-mortem or operative examination can dis¬ 
tinguish definitely between absence of sternum and nonfusion of stemal bands 
in infancy. 

We have been unable to find a report in the literature of successful correc¬ 
tion of complete failure of sternal fusion in infancy. There are only a relatively 
small number of cases of complete fissure of the sternum recorded. In most in¬ 
stances death occurred shortly after birth. A few patients survived for many 
year’s, but in most such cases there was very little separation of the two lateral 
components of the stemimi, and usually little more than a fissure was present. 
Of the very few adults with some separation of the two halves of the sternum, 
the degree of cardiorespiratory’ impairment varied from slight to moderate. 

Burton^ reported two eases of congenital nonfusion of the greater portion 
of the sternum. Operative intervention rvas undertaken at the age of 12 weeks 
in one case, whereas the other child was 12 yeai-s old at the time of the operation. 
No attempt was made to bnng the edges of the defect together, but a free graft 
of cartilage was inserted into the defect. A segment of several cartilages com¬ 
prising the costal arch was utilized as the graft. The procedures were under¬ 
taken in order to give protection to the heart, which was covered only by skin 
and subcutaneous tissue in the lower part of the defect. Only’ a fair cosmetic 
result was obtained. Although the author calls the condition one of ectopia cordis, 
his patients seemed to have sternal defects primarily’. 

SUMMARY 

‘ Complete failure of sternal fusion with a defect extending the entire length 
of the anterior thorax is a very’ rare occurrence. .Such a congenital maldevelop 
ment of the sternum may be associated w’ith ectopia cordis. Due to the lack o 
a rigid thoracic cage at the site of the sternal defect, considerable paiadoxica 
motion may’ occur Avith resultant respiratory’ and cardiocirculatory difficulty, 
only a partial cleft sternum or a narrow sternal fissure is present, symptoms may 
be slight or absent. 

The embryologieal development of the sternum is bi’iefly’ reviewed. A case 
of complete lack of fusion of tlie entire length of the sternum with *? 

of the pericardium is reported. This is apparently’ the fii’st case lepo e 
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Tvhicli Bucii a congenital defect ^vns siiecessEuUy corrected by surgery in infancy. 
The importance of performing the operation voiy shortly after birth is ■well il¬ 
lustrated by our case. Tlio relationship between cleft sternum and ectopia cordis 
is discussed briefly. 
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DISCUSSION 

DR. KARL KLASSEK, Columbus, Ohio.—On May 9, 1948, we perfonnod a eucccssfol 
rorgical repair of a cleft Btomum with partial cetopla cordis on a 4-hour-old twin infant 
weighing 4% pounds. tVo would like to present n sliort motion picture which illustrate* sev¬ 
eral points brought out by Dr. ilnior. (Motion picture.) 

There is marked sopamtlon of the stomal plates with protrusion of the pericardium, Tho 
coronary vessel can bo seen through tho skin defect. X-mv films taken before operation show 
oonapleto abionco of ossification in the sternum, which wus present in tho normal twin, A 
T-shaped incision was used with resection of redundant and nfnwotic skin over tho pericardium. 
Repair was mado similarly to the method described by Dr. Malcr. Approximation of the 
wirtiloginouii plates was nceomplishod without difllcolty. At 2 wi-eks this infant appears to bo 
nonnaL 

Tho boy did well until tho ago of 8 months, when tlicic oguin appeared separation of the 
sternal plates. Ossification in tho stommn was still absent. Because of cardiac arrhythmia 
apparent pain on movement, wo pcrfonno<l a second oj>eration on Jan. 24, 1949. The 
®adial edges of tlio cartilaginous plates were e.vposed, tlio piMichondrium and irregular carti¬ 
lage removed and fonr tantalum pegs ia.*crtcd into the substnoco of the stomal plates, follow¬ 
ing which silk Boturos were Uf^^^l to approximato tho two iwrtions of Iho sternum. Tliere was 
no eliango In tho baby'* pulse. On completion of the operation tho infant appeared in good 
condition; however, whe/j ho nn.s tmnsferred to his bed, he died suddenly. 

Autopsy showed a normal infant. Thcro was no cardiac abnormahty. 

DR. MATER.—Of courBo wo do uot know about tho final dovelopuient of tho slcmum in 
this child, Whon scon at tho ago of 8 monllis tho external appearance ^\■aH norainl, and a firm 
rtrnctare without fissure ^rafl nrcsent. Wo do not, ns yot, have roentgen evidence of ossifica- 
tioii. 
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T he rapidly expanding scope of corrective surgery in congenital cardiovas¬ 
cular disease has emphasized the necessity for precise diagnosis. The con¬ 
tributions of many, but Gross and Hubbard,^ Blalock and Taussig," and Cm- 
foord and Nylin® in particular, have in a very short period revolutionized the 
attitude of the entire profession in regard to these lesions. Fortunately, these 
patients are no longer crudely classified on the basis of blueness or a poorly 
described murmur and forgotten. Today thej’- are salvaged, many times at the 
remotest levels of practice, and referred for evaluation and treatment. 

Since at present the surgerj’^ of these defects is limited to definite types of 
deformity, and since the margin of safety is probably less in this categoiy, par¬ 
ticularly if the operation does not achieve correction, than in any other group 
of patients, the concept of an exploratory operation, valid as it is in other 
procedures, is rarely defensible. 

As tliose experienced in the management of these cases known, a great many, 
probably the majority, can be confidently diagnosed by simple examination and 
fluoroscopy. There is, however, a very significant borderline group in which 
more exhaustive studies arc necessary. Physiologic studies, such as cardiac 
catheterization, measurements of pulmonary capillary flow, oxygen consumption 
studies before and after exercise, and oximetry are of the utmost value. Tliese 
studies, particularly cardiac catheterization as applied by Couruand and Ranges^ 
and Bing and associates,® have been of the greatest importance in elucidating 
and even quantitating the hemodynamics of these anomalies. However, these 
procedures are intricate in their application and require elaborate laborator\ 
facilities for their use as •well as a full-time, highly trained staff. More important, 
the technique of venous cardiac catheterization is not consistently applicable, at 
least in our hands, in the study of infants and veiy young children. Wc aie 
aware of Couimand’s experience in this regard and will be interested in his 
remarks on this point. 

Serial contrast ■snsualization of the cardiac chambers and great vesse 
(intravenous angiocardiography) was proposed in infants by Castellanos, Gai- 
eia, and Pereiras,® and in adults bj' Robb and Steinberg.’^ Sussman and asso 
dates,® in particular, have had a large experience with the procedure. Despi e 
the enthusiasm of these worker’s, the technique has not, until ver}"^ lecen }, 
had as ■nude an application as we feel it merits. The direct information as o 
the course of intracardiac blood flow and relative size and location of the car lac 
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chambers and great vessels wliicli can l>c obtained by angiocardiograpbj' bas 
been ol the greatest value to us iu establiabiug the exact diagnosis m borderline 
cases o£ congenital heart disease. It has been of particular value in differentiat¬ 
ing tile Various tj-pcs in which cyanosis is a inomincnt s.nnptom. The method 
lias the verj' great advantage of lieing applicable to patients of nil ages; diag¬ 
nostic serial radiograms arc obtained as easily in small infants ns in children 
and adults. 

Successful angiocardiogi-apliy rciiuires two conditions. First of aU, a suf¬ 
ficient volume concentration of d.ve (70 per cent Diodrast or 75 per cent Neo- 
iopax) must bo moved rapidly into tlio zone to be visualized. This requires tlio 
veiy rapid intravenous injection of 40 to 50 c.c. of tile dye in adults, and 
proportionately lessor amounts iu eliildrcn and infants. The needle sire should 
be only slightly smaller tiiaii the vein used. Second, it is necessary to have 
equipment capable of producing a rnjiid 6c<|iicnce of radiographic exposures 
accurately ajuichroiiized witli the presence of the dye in the heart and great 
vessels. Sucli newer automatized radiographic tccliniques ns the tnutograph,' 
developed by 'Wendell Scott in our Departnicut of Kndiology, make tliis possible. 
An improved model which we arc now using is cnileil tlie rapidogioph"’ and 
utilizes a modification of the aerial cameia of the Fairchild Camera and Instru¬ 
ment Company. With this camera, exposures are taken everj- two-thirds or 
one-halt second, as desired. 

llTien these two conditions arc mot, consistently good angiocardiograms are 
obtained by the intravenous method sbowuig the heart and the pulmonary 
arteries. However, with dispersion of the dye through tho pulmonary circuit 
and return to the left heart, there is frequently very poor delineation of the 
aorta and its major branches. For this reason it has been felt that injection 
of radiopaque material directly into the aorta would yield more clearly defined 
pictures of the aorta and its immediate branches. Dos Santos and associates,“ 
and later Wagner,“ bad advocated direct puncture of the aorta through the 
paravertebral region. Farifias,” on the oUicr hand, Imd catheterized the femoral 
artery in Scarpa’s triangle and passed a catlieter to the desired leveL Crafoord’^ 
and others have catheterized tho brachial artoiy and successfully visualized the 
aorta by retrograde injection of dye. Finding the intra-arterial catheterization 
teclmiquo diflleult, wo decided to use tho left carotid, and found after employing 
this method that Freeman'" quite independontly was utilizing a similar tech¬ 
nique, After a moderately extensive trial, we are eonvuiced that the retrograde 
arterial tcclinique is a valuable method of diagnosis and evaluation in those 
cases whore the lesion is of tho aorta or its immediate branches. AVe are further 
convinced that introducing the dye into the carotid is simpler and superior to 
other techniques. 

By this technique the common carotid artery, usually the left, is surgically 
exposed and provision made hy loose ligatures to introduce a large cannula in 
a bloodless fashion. When tho cnuniila is to bo introduced, the distal tie is 
snugged down so that the dye cannot go into the cerebral circulation. Tho 
proximal tie is then brought down tight enough to shut off carotid blood flow 
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Fig 2 —Showing complete assembly of ^P'/fg^p^epaXg^to^put the loaded camera 
travenoiw injection of Dlodrast. Radiologist at right Is prepari g 

position. 
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and lUc cannula introduced toward tho heart through a small incision in the 
artery between the tics. 'When tlie cannula is introduced, a third ligature 
tied over it to prevent leahagc, and the proximal tic is released. The dye 
tlicn pushed in vcri’ rapidly by means of a large syringe. When tho exposures 
have been completed, tho proximal ligature is again tied and the needle removed. 
The opening in the arterj- is earcfnlly reimii'cd with OOOtlO Dcknatel and the 
neck wound elosed with silk. 



BlfS. 3 end 4-—Two fllroa from tho anfflocardloeraphlc »oriea of a com of tetralo^j- of 
■PWIot •howldsc tho typical Gndlnra. Theae i^roduoUona are revereed *o that tho right Bide U to 
the l^t and •vice irerBa, There ib clearly domonstr^ed the fllUng of the left \"entrtcio acroa* a 
hlrt aoptal defect with Bhnultaneoui fllllng of aorta, and pulmonary artery. The pulmonary 
artery U BlffnlOcantly redoced In Bl»e. 
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By tliis method we have gained decisive information in cases of coarctation 
of the aorta, patent ductus arteriosus, aortic arch anomalies, and aneiuysm. 

In oases of coarctation, not only is the diagnosis made, which admittedly 
is not often too difficult, but the site and type are delineated. This latter in¬ 
formation is of the gi-eatest value in preoperativc planning. 



Figs. 5 and 6.—Angiocardiograms of a <mse of cava to the 

failure of the right ventricle to fill. The flow of the dye 's gives rise to b^h 

right auricle, then to the left auricle and Into the large left ventride ^^f'gi,n^ltaneoualy. The 
the aorta and the pulmonary artery'. Note bow the 'tetter ^ructu^s n i veins, 

pulmonary' arteries are smaller than normal. There Is marked reflux into tne iwp 

In the infrequent but important borderline case of patent 
retrograde visualization is decisive. The simultaneous opaeihcation o soi a 
pulmonary artery or the actual demonstration of the ductus are irie u ^ ® . 
dence of ductal patency. Absence of these evidences of shunt can e con 
interpreted as excluding tlie existence of a patent ductus. -vtpnt of 

Aortic arch anomalies can be beautifully outlined even o g ■ . 

showing the two limbs of an “aortic” ring. 

Aneurysms can be visualized by actual filling or par la _ o- 
that are filled with clot, there is enough suggestive evidence in 
to make the diagnosis. 
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Since dcyclopiug the lautograiih nnd the mpidogniph, we have done eighty- 
six visualimtions. Of these, sixty-tlirce were intravenous angiocardiograms nnd 
twenty-tlireo were retrograde aorlogrnma. So far as we have been aide to dis¬ 
cern from operations nnd post-mortems on tliis group, tliere has lieen but one 
\\Tong diagnosis. 



‘‘—sliovinfj charactoii*Hc t)T>lcaI nnglocnrdloprapliic feature* of on El*en- 
complex. Hero ngnin there l« overriding with almuitancou* filling of pulmonary artery 
evidence of a Ugh Int^n'entriculftr *optaI defect. The pulmonary artery It, how- 
over, larger than normal. 

To date we have had no dcatlis or untowaid event cscribnlile to the dye or 
tile method. Two dcatlis have occurred following angiocardiography, but in 
Iictli instances the patients were very young infants nnd were extremely poor 
tisks. Death was not unexpected. Needless to say, all patients are tested for 
possible sensitivity to the dye beforehand. 

In the retrograde group there have been no complientions attributable to the 
use of the carotid artery. 

In conclusion, wo would stress that angiocardiography is not to be recom- 
monded in cverj- case of congenital cardiovascular heart disease. Despite our 
«Pcrienco and tlie larger experience of others, it is not a method ivithout some 
potential hazard. Jtoreover, ns we said in the beginning, the diagnosis in moat 






Fig. 8.—Aortofiram dona by the retrograde technique ahowlng vlBuallzntlon of a typical case oC coarctation of 
the aorta of the adult typo. The lesion is accurately localized and valimblo Information la obtained concernlns: the 
length of the constricted segment. Note the enormous collateral channoia. 

Fig. 3.—Retrograde aortogram made one year after resection and anastomosis of aorta for coarctation of tho 
aorta. Note the normal-alzetl lumen of tho aorta and the legresalon of collateral channels. 
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instances can be confidently arrived at by simple examination and fluoroscopy. 
Nor would we imply that visualization should supplant physiologic studies when 
these are indicated and obtainable. 

In the aU-important borderline group, however, we fieel that angiocardiog¬ 
raphy and retrograde aoi-tography when properly done offer a reasonably sim¬ 
ple, a very safe, and a veiy aeurate method of diagnosis that is applicable to all 
age groups. 
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TUB ROLE OP ANGIOCARDIOGRAPHY AND irBNOGRAPHY IN 
3IEDIASTINAL AND PARAMBDIASTINAD LESIONS 

Osi.Kn A. Abbott, JI.D.,* 'Wiij.iam A. Hopkins, II.D.* (by inyitation), anp 
Ted P. Leioii, JI.D.t (nr inattation), Ati^anta, Qa. 

S INCE tlic origiiinl publication oC Robb and Steinlicrg’ in 1938, relative to vis¬ 
ualization of the cbatnbcrs of tbo heart, the pulmonary circulation, and the 
RTcnt blooel vessels in man, the procedure of nngioeartliograpby has liccome of 
increasingly widespread use and application ns a valuable diagnostic proreduro. 
The fundamental interest in this ])rescntutiou is to evaluate the results of our 
experience in using this procedure as a diagnostic aid in Gio differential diagnosis 
of tumors in the mediastinum and pnrnmedinstinal areas. Visualization of both 
innominate veins and the superior vena cava, by means of contrast media, has 
also been used as an aid in the differential diagnosis of these lesions ns well ns 
to detonnino the status of these veins in patients having primary carernoma of 
the lung. 

It is not our purpose to state any final conclusions in regard to the value 
of this procedure in the differential diagnosis, but rather to describe tbo results 
of our experience in a fairly large number of eases and to evaluate the lessons 
derived therefrom. 

The use of angiocardiography in the ditforcntial diagnosis between tumors 
of nonvaseular origin and vascular aneur.vKms has been a common practice in 
many elinics during the past few years. Attention was drawn to tliis method 
of approach by SussmaiP in November, 1947. The value of this procedure in 
the differential diagitosis between aneurysm and other mediastinal tumors is 
quite apparent. This procedure also has dcmon.stratod a considerable value in 
the differential diagnosis of inlmcartliac lesions and also in eortam pericardial 
lesions.”' It is our opinion that the procedure may also be of considerable 
value in both nonvaseular lesions of the mediastinum and certain paramedias¬ 
tinal diseases, in particular pulmonarj' malignancy. 

In reviewing the results obtained in the scries of patients which will be 
presented, we feel that there are five primary questions which need investiga¬ 
tion. Prom the data obtained to date, a satisfactory answer to each of those 
questions is not yet obtainable. IVo feel that the problems, in order of their 
importance, appear to bo as follows; (1) Angiocardiography as a method of 
differential diagnosis between vascular and avascular mediastinal and para¬ 
mediastinal lesions. (2) How much diagnostic information can be obtained from 
this method in relation to nonvaseular tumors in these aiaas? (3) IVhat is the 
relative place of angiocardiography in the study of mediastinal and paramedias¬ 
tinal masses T (4) 'What are the special technical problems associated with 
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venography and angiocardiography in the different types of mediastinal lesions 
encountered? (5) Of what value can angiocardiography be in the study of cer¬ 
tain primarj^ pulmonary lesions, in particular pulmonarj^ neoplasms? 

1. The Role of Angiocardiography in the Differential Diagnosis Betivemi 
Vascuhr and Nonva-scular Mediastinal and Paramediastiml Lesions.—The 
problem of the differentiation between intrinsic and transmitted pulsation of 
masses visualized on fluoroscopy is frequently encountered. The initial enthusi¬ 
asm for the roentgenkjunographic method of differentiation has proved a con¬ 
siderable disappointment. Certainly, angiocardiography has proved the best 
solution of this problem to date. Unfortunately, lesions of primary vascular, 
origin are prone to contain large areas of blood clot which may forbid adequate 
definition by this method. However, the channels through this lesion wiU fre¬ 
quently show a sufficient distortion to be of diagnostic importance. Of equal 
value in the extravascular tumor can be the visualization of an area of extrinsic 
compression of a major vessel by the tumor in question. These findings are ex¬ 
emplified in the following patients. 

Case 1.—S., a 17-year-old college student, -was found to have a superior mediftstinal 
lesion in the right paratracheal urea in the course of an x-ray screening project. Fluoro¬ 
scopic examination showed cridcnco of pulsation in this mass, which was thought to be 
transmitted and appeared to be paradoxical in relationship to the pulsations of the ascending 
aorta. A marked change in the conformity of the mass is noted in comparing inspiration 
and expiration, x-ray films of the chest. The lateral x-ray projection failed to give detailed 
definition of the posterior portions of this mass. A definitive diagnosis was only made 
upon obtaining satisfactory visualization of the innominate veins and superior vena cava by 
means of 70 per cent Diodrast as part of a complete angiocardiographic study. This re¬ 
vealed the presence of a large fusiform aneurysm of the right innominate vein and the 
superior vena cava. Irregularities on the surface of this lesion suggested the presence of 
daughter aneurysms. This diagnosis was confirmed at the time of operation, at which tune 
the lesion was treated by the application of Polythene cellophane. 

The angiocardiographic study was repeated six months following operation and showed 
definite evidence of decrease in the size of the lumen nnd thickening of the wall of the 
aneurysm. This patient has been reported in detail elsewhere.^ (See Fig. 1.)' 

Case 2.—K. L., a 24-year-old white man, had been treated on two previous occasions 
with deep x-ray therapy on the suppositional diagnosis of malignant lymphoma. On physical 
examination the patient demonstrated a very loud, to-and-fro, coarse murmur in the secoml 
interspace just to the left of the sternum. Fluoroscopic examination revealed the presence 
of a nodular mass in the region of the aortic knob nnd extending upward into tlie supenor 
mediastinum, but there was no apparent evidence of pulsation. 

Roentgenograms taken in the lateral projection showed what we felt to be a very 
characteristic diagnostic finding, namely, the presence of a sb.ndow assuming the appearance 
of a small embryo. This pseudoembryo shadow seen in the lateral projection is fe t, m 
this clinic, to be very strongly suggestive of a congenital aneurysm. The location of ms 
shadow in the posterior mediastinal area suggested that the aneurysm arose from the ao a 
in contradistinction to the anterior position of such shadows presented by congenital aneury^^ 
of the left pulmonay artery. This impression was confirmed upon detailed angiocar^ograpm 
examination, revealing the presence of a large multilocular aneurysm of the descen mg i 
of the aortic arch. This finding was confirmed at operation. The lesion was also trea e 
the application of Polythene cellophane, (See Fig. 2.) 

Case 3.—T. L., a 32-year-old white man, presented a very similar history to 
K. L.; namely, he had undergone two courses of deep x-ray therapy on the presnm 
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diagBosU of mcfdiafltinnl lymphonm. The lateml x-ray projection showed tho prcseDce of a 
large pwodoorobryo ihnGow in tho anterior mediastinal area, and angiocardiographic study 
confirmed tho Impression of a massive nncuiywn of tho pnlmonory artery. This lesion waB 
olfo confirmed nt opemtion and trontcfl bv the application of Polythene cellophane, (See 
Fig, 3.) 

Cabe 4. —A. a 64-j*cnr-oI(l white coal minor, lind sulTered from severo precordlnl 

and bllateml arm pain for sixteen months. The presumptive diagnosis had been recurrent 


A. 


B. 
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coronary occlusion and angina pectoris. He had undergone recent study at another clinic 
u'hich revealed the presence of a mass nith apparent pulsations in the region of the ascend¬ 
ing aorta. He was referred to this clinic with a tentative diagnosis of aneurysm of that 
structure. 

Fluoroscopic examination certainlj- suggested intrinsic pulsation. There were no ab¬ 
normalities on e.xnmination of repeated electrocardiographic studies. The extravasculnr char¬ 
acter of the lesion could be defined only by means of tlic use of the angiocardiogram, which 


A. 



S. 

Fig. 2, A and S (Mr. K. L.).—Showing large mulUIocuInr aneurj-srn ot aorta. 

revealed no abnormality in the superior vena cava," cardiac chiunbers, or ascending aorti 
There was no apparent compression of the ascending aorta by this lesion. 

Exploratory tlioracotomy revealed that the primarj’ shadow had been produce y 
adenocarcinoma of the right lower pole of the thymus gland. The jiresence of me ns a ^ 
lymph nodes invading the wsill of the ascending aorta was considered to be the exp 
for the patient’s persistent pain. This pain was relieved by an extensive upper 
.oj-mpathectomy. (See Fig. 4.) 


ABBOTT CT AL.: lim)IABTiyAL» AND BARAlIEDIASTINAIi LESIONS S73 

CASE 5.—I, A. I?., a -ISycnr-old while man, had a congh of two weeks’ duration and 
i-rny canmlnntion revealed the presence of a very large mass occupying the loft superior 
lianmiedlartinnl region. ^ 

Physical eiamlnatlnu rpvmlcl dellnito bulging of the second and third left anterior 
luterspnees with visible and palpal,lo pulsations. The clinical impression at that tlmo was 
massive aneurysm of the aorta, fluoroscopic examination strongly suggested the presence 
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aorta ■was visualized, there ■was no evidence of aneurysm, but rather, a definite area of ex¬ 
trinsic compression was demonstrated. The working diagnosis, therefore, was changed from 
aortic aneurysm to primary pulmonary carcinoma. The patient was treated by left total 
pneumonectomy which revealed a squamous carcinoma of the left upper lobe. (See Pig. 5.) 

Case C.—G. T., a 5G-year-old white man, had a history of an episode of extremely 
severe pain extending from the left anterior part of the chest through to the back, nine 

A. r.. 



FlE 4 A to D (Mr. A. U),—Malignant thymoma- Angiocardiogram showing lesion 
' entirely extravascular. 
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wocka prior to conaullatlou. No unusual physical fimlings wcro present, and x*my examina¬ 
tion revealed tlio presence of a largo nums oceopying almost tlio entire extent of the posterior 
modlnstinum. Tills lesion was pa8pe»’te«l of lK*ing n dissecting aneurysm, and confirmation 



Fig. 3, A and H (Mr. I. A. IL).—.tnfflocnrdiu»rriiin I ■ m '< 'Ko -jf lateral comprejslon of 

aortic knob. Diagnosis was cumnom.i i I'l- l-it upi- i lube. 
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was obtained by angiocardiographic studies. This imtient has been presented in detail else¬ 
where to emphasize the presence of a double channel on angiocardiographic studies of these 
lesions.^ (See Fig. G.) 

Case 7.—E. W., a 5C-yoar-old wliito man, was seen with the presenting complaints of 
cough, fatigue, and vague discomfort of the upj)cr part of the chest. X-ray and fluoroscopic 
studies revealed the presence of a rather poorly defined mass in the right paramediastinal 
area. The venous pressure studies were within normal limits. The differential diagnoses 
suggested involved partial atelectasis of the right upp-er lobe secondarj' to broncliiogenic 
carcinoma, mediastinal lymphoma, or tumor of vascular origin. Visualization of the right 
innominate vein, and superior vena cavn by means of 70 per cent Diodrast readily demon¬ 
strated that the mass was medial to these structures, and there was no visible abnormality 
of these veins. The irregular contour of the lesion, plus its position medial to the major venous 
structures, led to a presumptive diagnosis of lymphosarcoma which was subsequently proved 
true. 


It is felt that the value of this procedure in the differential diagnosis of le¬ 
sions of this type needs no further discu.ssion and is readily acceptable. (See 
Fig. 7.) 



A. B. 

Fig. 7, A and B (Mr. E. W.).—Showing marked lateral deviation of right innominate vein and 
vena cava. Diagnosis was medlastinnl lymphosarcoma. 


2. How Can Vahiahle Diagnostic Information Be phtained From Angio¬ 
cardiography hi Nonvascular Mediastinal and Paramediastinal Twnors?^ This, 
is probably the most difficult question to be answered and the one to which the 
least satisfactory conclusions can he made at this time. It is felt that venographj 
and angiocardiogi’aphy can help in the localization of the borders of nonvascu ai. 
mediastinal tumoi’s. It is possible that on some occasions it may sugpst t e 
point of origin of the pedicle of these lesions. The frequency with which sue i 
information ean be obtained can be determined only after obtaining consideia^ 3 
more information than is at present at hand. The basic information consis 
in obtaining evidence of vascular di.stortion of a specific pattern in le a ion 
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to ccrlnin primnrj' lesions nnd, second, in the definition of A’lisoulni' distortion 
dno to invasive jirocesses into the vascular stmetures either by the primary 
lesion or by metastatic neoplasm particularly in mediastinal lymph nodes. 
It is felt that there is a specific place for visualization of the superior vena 
cava when there arc malignant lesions in the pulmonary system. The dis- 
plaecment of certain vascular structures is also felt to be suggestive help 
in determining the point of origin of a maas. Such information can also be of 
considerable value to the operating surgeon. 

C.\SE 1.—It. \\\, reported ui>on in tlic foregoing section, ntta felt to l>o nn illuHtration 
of tho <llKtortlon of tlio right innoniintilo voin nnd mperior venu ra\n by Involvements of flic 
lymph ncMlcs in tho right pnnitmchenl by n nmlignnnt IjTnphonuu The Intcml displaco- 

ment of thew structuroa limits the prohublo ti^me of origin of thin tumor to those stmetarea 
uliich nre normnlly oontnined botut*cn then? vej«i»cl9 and the right tmchcal wall. (Sec Fig. 7.) 



Tw- • 4 TT f\Tr»* R T1 _Sbowlnp evidence of a lateral dleplacement of right 

rfvp Inlerted through left *ido would probably liavo been of con- 
XSiS? holp^n iSSwng thS i«Ion. «« would a lateral venogram taken with dye In right 
Innominate to outline compre#»lon of ca%a- 


o_B T a wldto woman, was admitted to the liospltnl with 

symptoms of tracheal’obstruction. Tho patient vrns quite obese, end saUsfactory palpation 
of tho tliyroid urea could not be obtained, but It irns felt 0,nt tlio tl.yroid glnnd was probably 
not abnormaL X-ray studies revealed tho presence of a largo rounded mass with n smootli 
contonr ocenpying tho superior mediastinum nnd deviating tho tmci.en to the left Angio¬ 
cardiographic Btndies more carried out despite tho presumptive diagnosis of inbsternnl 
thyroid ndonomn In order to evnlnato tliis proeeduro in oMmelnUon with till. lesion. The 
study did show tt daflnlto lataml devintion of tUo innon.inato vein on tho right by tho mass, 
but essontiolly no visible distortion of Urn superior vonn envn on aims taken in tho antero- 
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posterior projection. Although the innominate vein was displaced laterally, there was no 
irregularity in its 'svall, and its smooth contour further suggested the possibility of a benign 
lesion. (See Fig. 8.) 



A. 



traat media, during angiocardiography. 
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Cabe 3.—S. A. K., n 2o-yciir olU white rann, wna atlinitted to the hospital because of 
symptoms associated with a duodounl ulcer. Uurinp the course of barium studies of the 
(fostromtostmal tract, a major area of compression of tho mid-portion of the osopliagus was 
revealed. Following this discovery tho imtient related that lie had had some dysphagia for 
several montlis. This area of compression was in tho region of tho major pulraonaiy vessels. 
Esopbngoscoplc examination revealed only eviilenco of extrinsic obstruction. Angiocardio¬ 
graphic study was carrlotl out antU the presence of barium in tlio esophagus. This study 
re\‘ealed no abnormality of the vascular bed, in imrticiilar, no cnlargoment of the loft pul¬ 
monary artery. The diagnosis of non\‘asciilAr tumor of tho osophagcnl wall was made, pre- 
ffurrrptlvcly a leiomyoma. This was eonflrnicd at operation. (See Fig. P.) 

Case 4.—A. 0. L,, a Ql-ycnr-old white man, nas seen with the complaints of fatigue, 
cough, and a vnguo dbcomfort of tho upi>or |»art of ilio chest. X-ray esaniinntion revealed 
tlie presence of a rlgJit suficrior paranredinstinnl mab.s BroDcJio.^opic examinations wero 
noncontributory. Special studios did not reveal o\idenee of increased venous preasore. Dlo- 
drnst visunliintion of the superior vena cava demonstrated a \'e!y definite obstruction of 
this vessel with tho density of tlie |turnmcdiabtinal niass i'rescnt both me<lial end lateral 
to the superior vena envn. 71«o presuoiptiv** iiingno'-i#' of hronvhiogonic carcinoma with 
mediastinal mettistasis wna nm«lo and confIrme«J at u hit<’r date upon the discovery of nn 
Involved rigl*t axillary lymph node. (See Fig. 10.) 



Fie. 10. A and jj (lit. A. O. L.).—Right pararocdlwitinal maos In R Is seen venogram show 
Ing obstruction and lateral displacement of right innominate \*cUi. 


3. What Is ths Belaiivo Place of Anoiocardioffraphy in the Study of iledt- 
ttstinal and Paramediastinal Lesionst —Certainly a satiafactory answer to this 
(juestion will not be obtained witiiont considerable further iiso of this method 
of diagnosis. It is felt that certain basic concepts can be pi'esented. There is 
freqncntly considorablo difSctdty in defining the site of origin of masses in the 
right superior paramediastinal region. The noi-mal ixaition of tho right in¬ 
nominate and superior vena cava stmcturcs make venographic studies of con¬ 
siderable valne in this area. It is felt to be a more uniformly applicalilo and less 
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dangerous method of differential diagnosis than tlic institution of an artificial 
pneumothorax. Unfortunately, the constant anterior position of the left in¬ 
nominate vein does not usually allow this procedure to bo of value in left superior 
paramediastinal masses. There may be confusion between aneurysms of the in¬ 
nominate, the left common carotid, or left subclavian arteries, with tumors of 
IjTuphatic origin or thyroid. It has been our experience on several occasions to 
change the presumptive diagnosis of lymphoma in the presence of a right para- 
tracheal mass to that of siTihilitic aneurysm of the innominate artery. A similar 
experience has occurred in the presence of a sjiihilitic aneurysm of the left com¬ 
mon carotid artery when the presumptive diagnosis was substenial thyroid 
adenoma. There is little question of the value of angiocardiography of lesions of 
the middle mediastinum, which, by definition, is that area of the mediastinum 
consisting of the pericardium and its contents. A valuable supplementary 
method of diagnosis in lesions of this area consists in the use of cardiac catheteri¬ 
zation. In lesions of the anterior and posterior mediastinum, angiography may 
be of relatively' little value unless it is required for the differential diagnosis 
between intrinsic and ti'ansmitted pulsation. In the study of masses of the lower 
portions of the anterior and posterior mediastinum, the use of pneumoperitoneum 
and pneumothorax is usually’ adequate for diagnosis and should be utilized before 
the use of angiocardiography. 


•,,, .cl V ; 



A. 


B. 


Fic. 11, A and B (Mr. W. B.).—Klght paratracheal mass with associated 

lower lobe. Angiocardiogram sho^s’s Uils to be a large aneurj'sm of the Innominare ar 


Unfortunately we cannot present any’ evidence of the value of visualization 
of the inferior vena cava which has been described by other authoi’s.®’ ® 
retrospect there are at least three instances in our experience in which this 
method could have been of considerable value. In one patient with a chondro¬ 
sarcoma of the chest wall, presenting x-ray' evidence of projection toward t e 
area of the inferior vena cava, exploratory operation revealed definite evidence 
of invasion of this structure, with marked displacement. A second instance o 
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niuisual mieurj'sin o£ tlio lieart wall with marked displacement of this structure 
could also have been considercfl. A third potential iustance of an incarcerated 
heniin of the foramen of ilorgagni, with eoinpiession of this vessel, might also 
have yielded diagnostic infonnation upon the use of angiocai'diograra. 

The subject of the various methods of diagnosis of mediastinal tumors is 
contained in other publicntiojis by one of us Cases felt to demon¬ 

strate points brought out in lids discussion 01*6 illustrated b}’ the following re¬ 
torts. 

Case l.—W. a colored man 47 yenre of ago, admitted becauso of ferer, pain 
in tlie right lower part of the client, nnd coogli. The patient had clinical findings of pneu¬ 
monic conaoUdation of the right lower lobo, but x-my study also showed the presence of a 
Inrgo riglit superior pammc<liastirml moss. There was also ovidenco of aomo partial obstruc¬ 
tion' in tho right upper and mlddlo lobes. Fluoroscopic oxnminotion failed to reveal any 
evidence of intrinsic or transmitted pulsation in tho rigid pammodiostinnl shadow. Furtlicr 
i-my examinations wore felt to bo suggestive that tids lesion wns a lymphooin. Tho presence 
of a positive Wnssemiann tost and a degree of pnrtinl o)>ahTiction to the right upper lobe 
were felt by othcra to be suggestive that tho lesion wns aneurysmal in clmmcter. The 
presence of a S)’phiHtic aneurysm of the innorainutc nrtciy was proN'ed by the use of angio- 
eanliography. This wms confirmed at opemrioo when tho l«»>ion was treated witli the applica¬ 
tion of Pol^heno cellophane. (Sou Fig. II.) 

Case 2.—0. B., a M-yenr-old colored woman, was admitted to tho hospital beesuso 
of Intraetablo cough. X-ray c,TnmiQatioii rcvoaloil tho presonco of a superior medlBStinal 
mass, ratlier rcntmlly placed, wdth somo dmdation of tho trachea to the right. Tho basal 
Diotnbollc rate was plus 00, and there wero treverol clinival findings suggestive of thyro¬ 
toxicosis, Tho tyi>o of distortion of tho trachea, the pn'wni'e of partial obstruction through¬ 
out tho pulmonary tree, and tho prcscnco of a positive Wjisrcrnmnn test seemed to suggest 
tho poswlbUity of an<?urTsrual dJsonsc. This could l>e eoafirxufsJ only by tho use of angiocardio¬ 
gram, wliich demonstrated the presonco of a aneur^^m of the left common carotid 

artery. This patient vnis treated by bilateral decompreisiou procodurca, and subsequent 
Polythene collophano application to the nneurysTiL Following df^ompreasion procedures, the 
Kggcstls'c evidence of (h^TOtoxicosi:* disappeared. (Sec Tig. id.) 

.Case 3.—htrs. B. S. W. wns admitted with the primary romphiint of marked exertional 
d^'spnea. The patient had a slight promincnco witli suggestive puUatiou in the third loft 
anterior interspace. Sho showed severe evidence of dyspnea and cyanosis on very mild 
effort despite the presence of a vital capacity of 4.2 liters. Fluoroscopic ex amina tion re¬ 
vealed the prcsenco of a large mass in the loft paramcdioMinal area, with apparent intrinsic 
pulsations. Angiocardiographic studies proved tho prooenco of a massivo aneurysm of the 
auiin pulmonary artery. This lesion showed rapid progres^ivo enlargement and wns treated 
by tho application of Polythene collnplmno. Ventricular fibrillation occuitckI during tlie post¬ 
operative period, which wns fatal, and autopsy' examination revealed on extremely diffuso 
arterioloftcloroais of the entire pnlmonaxy arterial bod. This patient has been reported in 
detail elsewhere. (See I^g. 23.) 

Case 4.—Mrs. J. A., a OT-yoor-old wUito woman, was discovered to have a largo mass 
in the right cardlophrenio angle. The' diagnosis of this lesion was very readily proved by 
the institution of a pneumoperitoneum, revealing tho filling of a largo hernial sac Borround- 
ing an omental homia entering the tliorox through the foramen of Morgagni. (See Fig. 14.) 

4. What Aro iho Special Technical Prohlevis Associated With Venography 
and Angiocardiography in tho Different Types of Mediastined Lesions En- 

counieredt _The complete ansTver to this qnestion is nofconsidorecl applicable 

in a paper of this type and would more appropriately occur in one of the jour- 
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PIb. 12 (JIrs. G. D.). Superior mecHastlnnl mass. A,. B, Posteroanterlor views show before nntl after decompression of the chest. G, AnglocardlO' 

gram shows fllllnK of the mass from the aorta. 
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nals of rocntgcnolog 3 '. Wo do feel that it is important to mention that it is fre¬ 
quently neccssarj- to obtain anyiwurdiograpliie studies in different positions. 
In some cases it would appear to lie of value to obtain a venogram in the lateral 



T« .. « .««%oTifftrlor view masi, middle medlA»tinuin. B, Anglo- 

Flff. 18 (BJIm R- S. "U’.).—aneur>'mn of the left pulmoriarr artery- 
cerdloprom eliowB 

position and a sutoquent angiocardiogram in the anteroposterior or one of the 
obUque positions. It seems to be particularly valuable m lesions which are 
knoivn to distort the esophagus, to obtain the anpocardiogram ^th contrast 
media also present in the esophagus. In cortam instances the dilution factor 
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may be sufficient that a satisfactory visualization of tlie aorta and its major 
branches cannot be obtained by the classical method of injection of the Diodrast 
media into a vein. In such conditions it would be advisable to carry out one of 
the vanous methods of direct arterial injection of the contrast media. This can 


m 
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FJk. 14, A to n (Mrs. J. A.).—Foramen of Morgagni }>®™‘®p®'pumo®erl?oneui^how- 
features- B, barium study of colon shows inverted ‘V’ formation. Pneum p 
Ing filling of hernia sac above diaphragm. 
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bo done by cntliclcrizalion o£ tlic radial arteiy, or by diruct injoctiou into ono o£ 
the carotid arteries £or retrograde injectiou. It is £olt to bo o£ utmost impor¬ 
tance tliat a very enreful fluorosi'iipie examination and review o£ the various di¬ 
rectional x-ray examinations sboubl bo earried out first in order to determine 
the proper position for angioeunliograpby. In some instances angiocardio¬ 
graphy may bo repeated at the same sitting in different positions. 

It is also felt tbat lesions apiiearing in the superior mediastinum on the left 
should first bo examined by injection of ttic contrast medium bUo the autecubital 
vein of tlie left arm. In comparable fasliion. right suiierior mediastinal lesions 
would require use of the right nnteeuliitnl vein. In some uistanccs this will re¬ 
veal a eomjiloto olistmetion of tliis structure and satisfactory angiocardiography 
(an be curried out only by use of the contralateral arm. It is also suggested that 
m'somc instances it could be of value to do concomitant bilateral uijection of the 
contrast substance. Excniplarj" pntients aro presented as follows. 

Cask i.— yirc. n. T,, who has been desrribet! prcvionsly na showing dovintion of the 
right innomlmito vein in relation to n Bultstcmnl tluToid odenomn, eliould also Imvo been 
studied in tlie Inlcral projection to detonnino tlio crtcet npon tlio superior venn envn. Tliis 
would Imre required injection of tlie contrast media into the opposite nrnt from tlint which 
'tss used. (Fig. 8.) 

C.(sr. 2.—J. 1’., a .Tl-ycar-old wliitc man, was admitted wltti stnnptoms of cireulntor}’ 
disturbances in tlio right arm in nssociotion wllli sj-mploms of tmclionl compression. The 
initial nttompta nt nngiocardiogrnphy were unsuccersful duo to the complete obstruction of 
tie vein. It wns nceessnrt- to Inject the left nntecubitnl vein in order to obtain a imtisfac- 
tory angtoeardlogrnm. Tlioro wns jnsi suffleient contrast medium present to nllow the 
diagnosis of anearjsm of tlio Innoniliiato artery, and a more siitlsfactory NdsnaUzatlon could 
have been oblnlncd by retrogmdo arterial angiocnrdiognipby. (Sec Fig. 16.) 

dvsr 3._J. II., u iihj-ear-old colored man, was admitted with the main complaint 

of esoplragcal obstruction, weiglit loss, und thoracic pain. X-ruy studies rereuled the pren- 
enco of a large mags displacing tho csophngna posteriorly in its mid-portion. Tlie lesion did 
not appear to polsato on fluoroscopic eaamumtion, nnd nppenred - to bo of uniform density 
on tlio study of tho' Intoml i-roy projection. Angloeardiographic study wns carried out 
with concomitant visunlimtion of tho esophngos with barium. Tho nngioeardiogmm seemed to 
show tlml tho lesion wns not of vascular origin. Unfortunately tho patient suffered a rapid 
dowuhlU coarse, and post-mortem examination wns not permitted. 

5. Of What Value Can Angiocardiography Bo in the Study of Certain 
Primary Pulmonary Lesions, in Partiesdar, Pulmonary Neoplasm? —This topic 
has been mentioned in some detail dsewbere, with mention that a rather large 
percentage of patients having primary' carcinoma of tlie lung show a definite 
flisturbanco of the vascular pattern of tho pulmonary tree.” It is also known 
tlmt a certain percentage of patients will not sliow abnormality of the vascular 
bed in the presence of pulmonary' malignanoy, and it will involve, therefore, a 
very considerable number of cases to determine the exact value of this procedure 
in relation to (mreinoma of the lung. 

In recent mouths wo have'tricd to institute this procedure as a loutine part 
of the diagnostic work-up of probable pulmonary malignancy patients. It has 
been u^ in fourteen instances, and in twelve patients definite evidence of vasen- 
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lar abnormality could be demonstrated. In four instances a demonstrable dis- 
toition of the pattern of the superior vena cava was present. In Seven patients 
unquestioned abnormality of the pulmonary arterial system could be demon¬ 
strated. These all showed vaiying degreas of obstruction of the nutrient artery 
to the involved area of the lung. It was of most demonstrative value in lesions 

A. -B. 



c. 


D. 


Flff. 15, A to n (Mr. J. P-)—D, AnEiocardloETam on r’eht °^®t'Tave"a‘dequa°” 

with considerable retrograde flow Into lesser radicles. C, Kcpeai t, 





Flff. 1«, -I to c (ilr. j. H.)'— Mom anterior to e«ophaffus dl»plnclng esophain)* 

fnifl ihOTTs tho lealon to 
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of the upper lobe beyond the range of the bronchoscope, and which we had not 
been aide to visualize satisfactorily by Lipiodol studies. It is felt to he a po¬ 
tential valuable adjunct in the study of upper lobe tumoi’s. 

It has also been our experience recently to do exploration in a patient •with 
carcinoma of the lingual segment associated -with massive pleural effusion as his 
earliest s^iuptoms. The pleural fluid was clear, and at operation the lesion was 
found to be entirely confined to the origin of the lingual bronchus, and the 
effusion secondary to infarction of the entire lingula due to malignant throm¬ 
bosis. Certainly, in retrospect, angiocardiographic study might have been of 
considerable value in this patient. (See Fig. 17.) 



A. B. . 

Fiff. 17, A and B (Mr. S. B.).—Carcinoma of the lingual orince with Infarction of 
arter>'. Angiocardio^aphic studies would have been of considerable value Jn tnis pa 


e 

On three occasions this procedure has been carried out in the presence o 
nonmalignant pulmonary disease. In one case, a chronic interstitial pneumom- 
tis of the median and dorsal basilar segments of the right lower lobe was foM 
not to be associated with any distortion of the pulmonary vascular pattern. ^ 
second instance of suppurative disease, chronic, of the right upper lo e was 
found to be associated with a normal pulmonarj’^ vascular pattern. A t ir m 
stance of a left paramediastinal mass due to chronic atelectasis of the le t upper 
lobe was found to be associated wdth considerable distortion of the vascu ar pa 
teiTi, but not of the obstructive type. 

The use of angiocardiography in patients with advanced ^ 

physema to the degree which is now described as "vanishing Inng isease 
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not boconic common eliiiicnl prnctice because oC apparent inberont dangers in 
tills type of patient. Robb and Steinberg”- ” liavc described tbc pattcni noted 
in one patient as “advanced pulmonary cmphy.soma and fibrosis.” Wo bave 
carried out studies in this elinie in post-mortem specimens obtained from pa¬ 
tients with “vanisbiiig lung sj-ndi-omc,” and do feel that there is a specific pat- 
toni associated with this lesion. In tbo gross c.vaminntion of these lungs, one is 
struck by the apparent disappeamneo of all tbc finer elements such ns the alve¬ 
oli, broncliioles, and small arteries and arterioles. Injection of the bronchi of 
those lungs confirms this imjn'cssiou, and similarly injection of the vascular tree 
has shown that tbc areas of greatest disappearance of tbo smaller vascular radi¬ 
cles is associated with tbo areas of major disnpiiearnnce of other pulmonary struc- 
lurcs. The application of this form of investigation hi this type of patient will 
uee<l to await further clinical and experimental studies. 

Case bistoi-ics exeinjilifying these statements are pi-csentcd here. 

CiVSE 1.—N., a 42'yenr-ol(3 colonst mnu, wan atlniittcd with syniptomj compatilite 
with carcinoma of tiic lung. X-ray examination aliowod ovidenco of obatmetion in ttie region 
of the toft nppor lobo- Ilroncboscopic oxaminalion proved noncontribntory. Llplodol atndiea 
wore repcatwlly rmsatiafnetory for vlaunlixation of this area. Ajogiocardiograptiy ahowed n 
coraplcto obatruction of the npical aegruent of tlio toft upper lotw ])utnionnrv nrtery. (Sec 
Fig. 18.) 



A. B. 

FIs. 18. A and B (ilr. W. N.).—Note coniplcto blockaco of apical branch of left pulnionary 
arterj- In reBlon of Icalon. 


Case 2.—Uiaa L. C., a 4S-ycar-otd wlrite woman, wna ndmittod wiUi tlic complaint of 
repeated aevoro heraorrhagea with aubjeclivo tocallaatlon of tho point of origin to the riglit 
lower lobe. X-my examiiuition ahowed Infiltration in tliia area wttti apparent pai-tittl ob- 
atmetion, Bronclioacopic examination provoil noncontrihulory. Angiocnnllogmpliic atndlea 
revealed what nppenrod to be a completely normal pulmonary arterial vnaculnr pattern. At 
operation tliia leaion waa resected by aogmental reacctlon, and proved to bo a clironic intcr- 
atitial pnonmonitia. (See Fig. 10.) 
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Case 3.—M. G., a JS-year-old wliite nian, was adnjittcd with tlie complaints of progres¬ 
sively severe dyspnea, and marked limitation of activity. He had long suffered from in¬ 
tractable bronchial asthma. Pollon-ing intensive study the patient was operated upon. 
Massive pneumatoceles were removed or plicated in the right lung, and a right pulmonarj- 
plexectomy was performed. The patient progressed verj' well following this procedure, and 
five months later returned for plexectomy operation on the left lung because of persistence 
of broncliial asthma. The patient suffered acute ventricular fibrillation ten days folloAving 
the operative procedure, and at autopsy examination the lungs showed endcnce of advanced 
pulmonary emphysema to the degree known ns "vnnisliing lung disease." The lungs were 
studied by means of Lipiodol special contrast media to visualize the bronchial and vascular 
tree. 



A. B. 

Fig. 19, A and B (Miss L. C.).—Mass, right lower lobe, which was proved to be a chronic 
interstitial pneumonitis. B, Angiocardiogram entlrelj' normal. 


Ill review of eases seen vdtli lesions of the mediastinum and paramediastinal 
areas, angiocardiography has been of diagnostic value in thirteen instances. It 
has been of consideralile aid in diagnosis and therapy in ten cases, giving a total 
of twentj'-three cases in which definite help ivas obtained from tliis method o 
investigation. It was of questionable value in only seven cases, lending indiiect 
information in these cases. This information cannot be considered of great im¬ 
portance until more cases have been worked up. In sis eases the procedure 
proved of no value at all. 

SUMMARY AND CONCLUSIONS 

We have reviewed thirty-six patients in whom mediastinal or paramedias 
tinal masses were studied by means of venography or angiorcaidiograph.i , oi a 
combination of both. The series is obviously too small to derive 
conclusions. Certain impressions have been obtained and discusse . e su jee 
has been discussed primarily in relation to five fundamental questions. a le 
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exemplifying fnctors involved in eaeh of these eategories have been presented. 
An over-all ehart summarizing the findings in all forty cases is included. The 
following conclusions are suggested. 

1. There is a definite place for the use of venography and angiocardio¬ 
graphy in the sttidy of mediastinal and paramediastinal masses. 

2. The angiocardiogram provides the most valuable method of differentia¬ 
tion between vascular and avascular lesions situated in this area. 

3. This method of investigation has a definite but limited use in the study 
of the nonvascular tumors of the mediastinum. Its primary function in this 
situation is to aid in a better localization of the lesion and a better outline of its 
borders. 

. 4. The relative value of angiocardiography ns a method of tlic study of these 
lesions varies cousidombly with tlie nn-a of the mediastinum involved. It is of 
nljsolute necessity in the study of all lesions of the middle mmliastinum. It is of 
almost etpial importance in the study of lesions of the superior mediastiuiun, 
especially if they, are located in the right paramediastinal area. 

5. Certain spceial technical problems associated ivith each type of lesion 
have been dLseuased. It is vitally ne<-essarj' that careful fluoroscopic c.xamina- 
tioii and multiple x-ray projection studies he carried out before determining the 
particular positions and combinations of angiographic methods to be utilized in 
the individual study of a specific case. 

■ 6. It is felt that angiocardiography can lie of specific value ns an aid in tlio 
study of hronchiogenic enreiuomn. in particular, in lesions of the upper lobes. 

A specific distortion of the vascular pattern is felt to occur in patients with 
advance pulmonarj" emph.vscmn of the t.vpe knomi ns “vanishing lung disease.” 
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DISCUSSION ON “angiocardiography AND AORTOGRAPHY IN THE DLVGNOSIS OP 
CONGENITAL CARDIOVASCULAR LESIONS” BY DR. THOHAS H. BURFORD, DR. MERL 

J. CARSON, AND DR. WENDELL G. SCOTT* AND “THE ROLE OF ANGIOCARDIOG¬ 
RAPHY AND VENOGRAPHY IN MEDLVSTINAL AND PARASIEDIASTINAL 
lesions” by dr. OSLER a. jVBBOTT, dr. WILLUM a. HOPKINS, 

AND DR. TED P. LEIGH 

DISCUSSION 

DE. G. n. HUAIPHEEVS, New York.—I should like to start by cougratulating Dr. 
Burford and his group on these beautiful studies. It is not easy to get such line demonstra¬ 
tions of these lesions, as anyone who has tried to work out a system knows. The group at 
Presbyterian Hospital, Dr. Hetcrling, and Dr. Ball have been working on this problem for 
some years, and we have succeeded in getting what wc consider successful intraTcnous angio¬ 
cardiographies in congenital lesions which, in some cases, seemed to us so satisfactory tliat 
the more elaborate retrograde injection sepms unnecessary. I should like to show a few 
slides to demonstrate what I mean. (Slides.) 

Plus is the ordinary t 3 -pe of adidt coarctation and shows, as Dr. Burford brouglit out, 
the lesion here. Tire next shows a child in which the coarctation at this point is shorvn 
more clearly through the more rapid injection of dj’c. This wo have found to be the most 
important factor, and as you sec there is a sufficient segment to assure an adequate anasto¬ 
mosis. The next slide shows a tetralogy of Fnliot taken in the anteroposterior position; 
the needle is large and is placed in tho external jugular vein, the dye entering the lieart 
goes out the aorta immediatolj', demonstrating the overriding aorta; the pulmonary arteries 
are well shown in the original film, and a small constricted pulmonary artciy can be seen, 
thus demonstrating clearly that the lesion is operable. 

The next slide shows a more complicated lesion. I should like to take small issue iritli 
Dr. Burford on these complicated anomalies of tho great vessels. I think they show bettor 
frequently by intervenous methods. Tliis was a cyanotic girl who, by cardiac catheterization, 
gave many evidences of poor pulmonary flow and so prcsumabl}’ was a case for operation. 
However, the ordinarj’ x-ray film showed some anomaly at the aortic arch and, as wc can see 
here, the arch bifurcates and thjs is in fact a double aortic arch. It is seen to split here 
and here; there is a double shadow, one passing dowmward and entering the pubiionnrj' arter)’ 
and another passing downward as the descending aorta. On the lateral view, less clear 
on the slide than on the film, there is quite clearly a coarctation in tho right side of the 
aortic arch; that is, the right arch of tho double arch is coarcted. In other words, this pa¬ 
tient is demonstrated by these films to have not only an intraventricular septal defect and 
overriding aorta, but also a double aoitic arch and a patent ductus arteriosus, ns well ns 
coarctation of the aorta. Sho has all four of the lesions wldch are operable, but it adds 
up to an inoperable situation since all the blood to the lung is entering tlu-ough the patent 
ductus arteriosus. You will note tho left lung has dyo in it, the right has none; a few seconds 
later the right lung filled from collateral vessels." She has, therefore, no right pulmonau' 
artery for anastomosis, and operation on the left side would probably bo fatal since that js 
the lung which is supplying most ox\'gcn, 

DR. ANDRE COUENAND, New York.—After the remarkable demonstration given by 
Dr. Burford, I hesitate to take issue with one statement ho made concerning catheterization 
of the heart in young cliildren and infants. At BeDevue Hospital, in cooperation with Dr. 
Hlmmelstein and Dr. Janet Baldwin, wo have catheterized infants ns young as 5 months an 
weighing as little as 8 pounds. Tho teclinique used is somewhat different from tliat employ 
in adults. The catheter is introduced into tho saphenous vein, which has to bo ligated at t c 
end of the catheterization. A special small catheter. No. C, with a very small bend ^ ° 
tip has been devised for such cases, which permits easy access to tlie right ventricle an e 
pulmonary artery without creating a big loop in.the right auricle and superior vena cava.. 


•See page 8G0 for article by Burford, Carson, and Scott. 
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In ono cns<s it wa* donicmatratetl totlny for tlio llrut time tlmt it in poasiblo to visunllio 
a pdtont dcictuB arteriosus with contraat mcilium. Tins is rather important bocauso a differ¬ 
ential diagnosis between an oortlo septal defect and a patent dnetus arteriosns is im^tossiblo 
with the catheterization technique. 

I wonder whether, ns stated l>.v Dr. Durford, it is possible to distinguish a nonfunction- 
i^^E right ventricle from a single auricle nssociatctl with a single ventricle. 

Dr. Borford sliould certainly bo complimented upon the lino demonstration of tho re¬ 
sults obtained by combining tho ron)entionnl venous angiocardiography witli the aortagraras. 

BE. AETIIUR S. W. TOUEOFF, Kow York.—I would like to join with Dr. Humphreys 
and Dr. CJoumnnd In congratnlating Dr. Burford and his associates on tholr beautiful demon¬ 
stration of the valuo of visualizing tho great vessels in tho prosonco of congenital cardio 
vascular abnormalities. At The itount Slnnl Hospital in Now York, wo have been most 
fortunate in having tho services of Dr. Marcy Suasman, ono of the pioneers in angiocardiog¬ 
raphy in America. ‘U’o also are greatly indebted to our physicist, Dr. Serge Feitolberg, for 
making many improvements in tlic nppamtns which wo nso. In the dilTerentinl diagnosis of 
certain lesions, it is important to take films at a rapid rate. Accordingly, our apparatus is 
able to make exposures at a rate of more than two per second. (Slides.) Oar apparatus 
consists essentially of a bnttory of lend-backo<l cassettes whicli are held, ono in front of the 
other, in a magnilno. As each exposure Is mndo, tho front cassette drops into a hopper, 
thereby immediately leaving an unoxposed cossetto ready for the next exposure, Tho magn- 
zino holds fifteen cassottoa wlilch can bo exposed in seven seconds if desired. An important 
component of our nppnmtuJ is the ‘‘ampliflor-^mchronizor." This permits us to synclironifp 
tho taking of films with tbo electrocardiograph. Through the modinm of n scries of twenty- 
rivo rwitdies, which may bo pro-set as dcsirod, exposures also can be nmdo automatically at 
any desired intoiml. iTias, tho apparatus can bo oporotod mannally, or tlio switches may 
be set to take films at prcdotermlnod informis, or finally the apparatus may be controlled 
by tho electrocardiograph to take films In any desired phase of the cardiac cycle. Tlie latter 
at times is important because, under certain circamstancep, great errors in interpretation 
may he made. I would like to demonstrato how such an error may occur. (Slide.) Here 
Is a film taken four ono-hundrcdtlis second after tho peak of tlio B wave. You see the dye 
coming down tlio soperior vena cava to enter the right atrium. Tho exposure has been made at 
tbe beginning of systole of tho right ventricle, Tho pulmonic valve and pnlmonary artery 
are outlined, and the vontrlclo is filled with dye. (Slide.) 

Tills second fllni is taken twenty-five one-linndre^lths second after tho peak of the R wave. 
This is tho end of sj-stolo of the right ventricle. You will noto that, in this view, the right 
\-entrlclo is practically empty. However, tho pulmonary artery Is filled with dyo. If, by 
accident, ono happened to make tho exposure at this partlcnlar timo without knowing what 
came before, one might bo lod to tho conclusion that tho patient was suffering from pulmonic 
stenosis. Incidentally, this film illustrates tho fact that tbe left pnlmonary artery normally 
rises to n higher level than tbe right. (Slide.) 

This third film is taken precisely two heaitbenta after tho filling of the riglit atrium. 
Tlie dye fills tlio right auricle, tho right vontrlclo, tho pulmonary artery, tho left auricle, the 
left ventricle, and Um aorta. Acconlingly, tho diagnosis of a septal defect is obvious. The 
common carotid with its branches, the external and internal carotid, arc well vlsnalizod. At 
this point, the right subclavian is seen, and hero are tho left carotid and left subclavian 
arteries. 

Our x-rav dejiartment has done more than 2,000 angiocardiogruina without a death. We 
attribute this to the fact that every patient is tested very carofnlly for sensitivity to iodine. 
A test dose of 1 c,c, intravenously is given to every adult; every child receives 0.6 c.c. intm- 
venonsly. An untoward reaction to these test doses eliminates tho patient from further 
•tody by means of angiocardiography. Practically every patient has some reaction daring 
angiocardiography, although tiieso reactions usually are mild. Weakness, pallor, sweating, 
and a feeling of warmth arc common. However, we have never had a death, nor have wo 
observed any serious complications following the procedure. 
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Those who are interested will find a description of the apparatus which wo employ in a 
forthcoming publication.* 


DE. OSLEE ABBOTT, Atlanta, Ga.—I wish to bring to your attention the role of the 
ballistocardiogram in the study of certain congenital heart lesions. (Slides.) This is the 
instrument which is used, and its fundamental use, of course, is determination of cardiac 
index and cardiac output. The thing that is interesting is the changes that occur in coarcta¬ 
tion, and that there is a specific wave with this machine in two diseases, coarctation of the 
aorta and primary thrombosis of the aorta. The fundamental change is seen in the K wave. 
The K wave in coarctation of the aorta preoperatirely, shows the notching of the descending 
limb in that wave. The I wave is also of interest, and is mainly an indication of an over- 
active heart, and is increased in certain lesions. The postoperative tracing on a patient 
in whom a direct aortic end-to-end anastomosis was possible, and in whom there was a large 
distal aorta, showed essentially complete conversion of the K wave to normal. 

In another patient the K wave was oven more distorted with a low fall and very 
jagged descent, and there was a very marked increase in the I wave in the descending limb. 
This patient was operated upon in the early group by an end-to-side shunt, using the sub¬ 
clavian artery to the aortic wall, and it showed in the postoperative period that the con¬ 
version of the K wave was in no way comparable to the satisfactory conversion in the pre¬ 
ceding patient. 

Here is the tracing made on another patient ndth the preoperative K wave markedly 
flattened, and in the postoperative period the flattening was corrected, particularly in the 
height of the limb of the K wave, better than the preceding one; the notching persisted 
because of severe hypoplasia of the entire descending thoracic aorta, noted at the time of 
end-to-end aortic anastomosis. 

The same thing can be scon in another patient in whom there was a marked degree of 
aortic insufficiency, showing the marked enlargement of the I wave in tlie preoperative stage, 
and this shows the postoperative change in the K wave which we feel is satisfactory, though 
a little limited because of the fact that the aorta was rather smaller than normal, but the 
I wave is not changed because the insufficiency, of course, has not been radically corrected. 

We feel this is an additional method not only of making diagnosis of coarctation of the 
aorta but also evaluating postoperative results in different types of methods used. 


BE. H. BEODIE STEPHENS, San Francisco.—I think a word of caution should be 
given at tliis time; perhaps Dr. Burford has it in his original manuscript. It is very 
tant to remember in retrograde carotid arteriograms to block off completely the distal caro , 
particularly when a 70 per cent Diodrast solution is being utUized. Neurosurgeoiw, o 
course, have given up this solution in their visualization of the cerebral vessels. On y rc 
centl}', in one of our cases, unfortunately the distal carotid was not obliterated, an le 
patient developed hemiplegia on the right side when wo used the left common caro i . 
Fortunately, he recovered by stellate ganglion block on three different occasions. Bu ^ is 
is a very definite danger in retrograde arteriograms, and we now have adopted the tec mique 
of always completely obliterating the distal carotid byr the use of a bulldog clamp. 


DE. E. E. A'i'EEY, Chicago.—Dr. Burford and his associates are to be compUmentecl 
for developing their excellent techniques and mechanical devices to improve this proce ura 
At Hines Hospital, we have carried out this dye visualization in well over fif^ mvo 
the differential diagnosis of mediastinal and paramediastinal masses. I won e ° 
size that this can bo a relatively easy procedure which can bo carried out in any ° 
without expensive equipment. We use a Bobb-Steinberg syringe and nee e ® 

stereocassette changer to take our Toentgenograms. It takes only a itt ® ^ 

tience in developing the proper teclmique of circulation times and m ^ 

the right intervals. Certainly in infants with cardiovascular anoma les, i 

•Medical Physics, ed. 2, edited by Dr, Otto Glaser, Clilcago, 1949, The Year B 
Ushers, Inc, 
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Unve rapid multiple exposures to obtain tho doaired information. However, in adults with 
mediastinal lesions, tho diagnostician should bo cncoumgod to try this procedure with the 
simple equipment mentioned, because it will yield a great deal of valuable Information. 

"Wliere there is vascular obstruction of tho modiastinum, os is illustrated in this slide, 
we have found tho angiocardiogram of value to tho surgeon. Hero can bo seen a massive 
obstmetionj tho subclavian is blocked, and tho dyo has to come in through the supremo 
IntCTcostals into tho azygos system. Tliis is of value in three ways: it allows tho surgeon 
to know bettor just what problems ho will encounter; by kno\viug the major collaterals, dameigc 
to them can bo avoided during exploration of tho chest; if the case is inoperable, it helps 
tho x-ray thcmplst to direct the roentgen bombardment to tho area at which the tumor mass 
has occluded the vessels—In other wortls, ho has a better idea as to tho location of tumor 
tissue in the mediastinal shadow. 

Every surgeon has at ono time or anoUicr found an aneurysm at exploratory thoracotomy 
where ho folly expected to find tumor, and vice versa. Therefore, angiocardiography should 
bo done in mediastinal lesions beenuso: (1) It aids in planning tho approach and tlio 
procedure to be used; (2) it allows the surgeon to avoid nnnocessaiy exploration; (3) it 
conCrma and justides necessary thoracotomies. 

I want to rc-empliasito that this valuablo information can he gained in appropriate 
cases with a little experience and with relnllvoly simple apparatus avallablo in any hospital. 
Watchful waiting In tlicso lesions is dongrroos, and the danger of the procedure itself is by 
far outweighed by the valuablo information which can be obtained. 

DR, J. A. IEEL1XS^V0ET^, Cincinnati.—Tlie approach to a small portion of the prob¬ 
lems covered so well by Dr. Abbott hoa been a method of arteriography by countercurrent 
catheteriiation of tho aorta. Tlie contrast medium, Dlodrast, is injected in small volumes 
rapidly and with the usual simple x-ray apparatus single films arc taken. (SUdea.) 

This shows tho catheter that has been improvised. It is made of Polyetliylene tubing 
with on outer diametor of .093 and on inner diamotor of .053 and with a 15 gango needlo 
used as an adapter. This is a poateroontcrior view of tho chest of a patient with syphilis 
and under suspicion for aneurysm of the Innomlnato artery. With the catheter inserted 
through the brachial artery at tho level of the distal end of the humerus, the tip was advanced 
to the origin of the innominate artery and with the injection of approximately 10 c.c. of 
Dlodrast ©omo visualization of tho small renminlag lumen was obtained. The thickness of tho 
wall of tho aneurysm was outlined, as well ns the vertebral artery. 

Tins patient also had syphilis. In the postoroantorior view tlie location of a mass 
suspected of being aneurysm was outUnod. With tho introduction of the catheter through 
tho brachial artery on the right, advancing tho tip down into tlie origin of tho aorta, and tho 
injection of a small amount of Dlodrast, opproiimately 12 c.c., it outlined the general course 
of the arch of the aorta ond indicated In a rather vague vray the outline of the related 
aneurysm. 

This patient also was suspected of liaving an oncuiysm of the innominate artery, and tho 
posteroonterior view gives the reason for tills. Somo difficulty was encountered in advancing 
the catheter beyond tho bracliiol artery and finally, when it could not be brought into the 
innominate or down into the origin fit the aorta, 8 c.c. of Dlodrast were injected, and a 
definite outline of an occluding process of the subclavian is shown. This is concluded to bo 
tho wall of the aneurysm in relation to tho subclavian artery and occluding the same by 
extrinsic pressure. 

This outlines in mucii loss contrast than Dr. Burford^s casos the approximate limits 
of tlie aorta, the subclavian nrterj', the eoorcted portion of the uorta, nnd the distal portion 
of the aorta. Her© can he seen the left internal mammary artery and a little further in tho 
same direction is tlie right internal mammorj'. This vessel is the left subclavian arteiy with 
a tako-off qulto near the origin of the upper limit of the coarctation. 

This Negro, having been shot through tho right side of tlie neck, was thought to have 
an arteriovenoos communication at the level of tl»e hyoid bone; hero is tho catheter through 
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the bracliial artery. Tlie Diodrast demonstrates very -well the vertebral artery and the 
ascending cervical artery. This shows filb'ng of the common carotid, the anenrysmal sac, 
and incomplete filling of the venous channels involved in the same process. 


DB. HAROLD HEUHOF, Hew York.—I boUove we are all equally appreciative of Dr, 
Abbott’s presentation of this subject, the first presentation, I think, which has been made 
before this Society, of an extremely useful method of diagnosis in a great variety of intra- 
thoracic conditions. His study, as you have seen, is truly encyclopedic, and you can also 
see the innumerable possibilities which are opened up for us all in further development of 
this work. 

He has referred to some of our own work, and that has been particularly concerned 
with, first, the effort to demonstrate the influence of intrathoracic lesions which are medias¬ 
tinal on the pattern of superior vena cava and innominate veins and pulmonary artery, and 
not in so far as intracardiac patterns are concerned; and second, the effect on the pattern 
of the pulmonary arterj’ of lesions within the lung. It would go too far afield to refer to 
our various experiences which have, in a general way, been along the lines to which Dr. Abbott 
has referred this afternoon. In a recent publication in Surgery we reviewed our experiences. 
In so far as visualization in connection nith mediastinal lesions is concerned, I would say 
that, according to our experience, a negative angiogram, that is, a normal pattern of the 
branches of the pulmonary artery, is often ns interesting and significant as a positive 
one. I hope Dr. Touroff will show the films of a patient who had an enormous shadow chiefly 
in the anterior mediastinum, which, however, did not indent at all the pattern of the con¬ 
trasted visualization of the heart and great vessels. The lesion at operation proved to be a 
thymoma of soft consistency. Most surgical mediastinal lesions are not related to the great 
vessels, and therefore, according to our experience, the contrast visualization of the great 
vessels has been one of a negative nature. Indeed a positive film, that is a distortion or 
block of one of the great vessels points to a surgically irremediable lesion in my experience. 

Concerning pulmonary lesions, which I should like to discuss specifically. Dr. Abbott 
has pointed out the block of a branch of a pulmonary arteiy in some cases, which has con¬ 
firmed for him, and I think entirely properly so, the diagnosis of cancer of the lung. Tfe 
are of the opinion, according to our experiences which have been reported, that an angiogram 
or rather a pulmonary arteriograph which demonstrates a block of either the main trunk or 
a major branch is truly a pathognomonic sign of cancer of the lung. That is, of course, 
a dangerous thing to say, but it has been so in our experience up to tJie present. The im¬ 
portant point is that this does not at all establish that such a lesion is inoperable. Stein¬ 
berg, a master in the field of pulmonary angiography, some months ago referred to a num¬ 
ber of cases in which he noted this blockade, and it was liis opinion and his experience that 
these blocks accompany an inoperable condition. However, in a discussion of the matter, 
he agreed that it was perhaps the tyqio of material with which he came in contact which 
lead to this view. Wo have seen upon a number of occasions the diagnosis definitely 
established of cancer of the lung, which could not otherwise have been established by 
angiograms. Since wo all agree that wo arc no longer in the stage when wo say let us 
explore and find out the nature of the lesion, if we can diagnose the lesion prior to opera¬ 
tion I think we should bear in mind not only the possibility but the probability of siiecific 
aid in diagnosis by this method which, I should like to emphasize as Dr. Abbott has already 
done, is entirely free from danger when performed under proper auspices. 


. DR. ROLLINS HANLON, Baltimore.—I should like to emphasize the word of caution 
which Dr. Burford expressed in liis excellent presentation. We have not been as fortunate 
as Dr. Sussman and his collaborators in their tremendous experience of some 2,000 cases. 
The experience of our radiologic and surgical departments comprises more than 600 injec 
tions in over 300 patients with congenital cardiovascular disease, predominantly of t e 
cj'anotic type. While these are admittedly substandard risk patients, the fact that t ere 
have been three deaths in our series leads us to feel that the procedure should not be use 
indiscriminately and without serious consideration as to the benefits to be obtaine by a 
method of examination. All of our patients received an intravenous test dose of lo o 
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pyracot; it is obvious that a negative reaction to such a tost does not mle ont the possi¬ 
bility* of n fatal outcome. One should not use iodopyracet injection unless he feels that 
the diagnostic requirements warrant the not inconsiderable danger In these substandard 
risk patients, 

I should like to show several slides illustrating a raodLfiention of our standard tech¬ 
nique as recently employed in cases of coarctation of the aorta. In conjunction with Dr. 
Cooley and Dr. Sloan of our radiology department, Dr. Ilnrry jruller has incised the rndlol 
artery below the elbow and passed a catheter to the vicinity of the aortic coarctation. This 
permits belter Wsualiration of tho vessels about the coarctation, while employing conslder- 
obly smaller amounts of iodopjTacot than is usually given by tho Intravenous method. 
Tho first slide shows an excellent \iow of an aortic coarctation after injection of 50 c.c. 
of iodopyracet through on nntecubital vein. The clarity of detail is raucli better than we 
usually obtain by this technique. In contrast, the next slide represents tho film obtained 
after injection of only 20 c.c. of tho dye through a catheter with its tip ]>*ing near the 
coarctation; tho detailed anatomy of the region is seen much more clearly. In tho next 
slide can be soon a demonstration of patent ductus arteriosus in conjunction with coarc¬ 
tation, and in the final flido there Is demonstrated an aneurysm of the interoostal artery 
just below a coarctation. In this latter Instaneo the additional surgical procedure aud the 
increased risk Incident to aortic catheteritation seemed joatifled by tho additional in¬ 
formation which was of great value to the surgeon. 

Angiocardiography has boon used in all but a few of the forty-six patients with 
coarctation of tho aorta operated upon by Dr. Blalock and his nssoclnles. Bocently, injec¬ 
tion through an inlying aortic catheter has replaced simple intravenous injection in patients 
suspected of coarctation. It is to be emphasised, however, that intravenous Injection is 
still used ns tho customary' technique in most other instances, especially in the poor-risk, 
cyanotic patient. 

DB. CARSON.—Being a pediatrician I rather feel that I should apologixe for appear¬ 
ing before this meeting. It Is a great privilege, however, and my only excuse Is that I 
am R part of o team, with the thoracic surgeons, in trj-ing to work out these congenital 
malformations of the heart. There arc a number of points I would like to emphnsUe in 
detail. Tho first refers to Dr. Cournaiid's question nl>out the differentiation of the non¬ 
functioning right vontrlclo, as shown by angiocardiography, ns differentiated from the 
picture of a single great auricle and a single ventricle. Again I must apologize for omitting 
tho first slide in the series Dr. Burford showed. TJiis was omitted for the sake of brevity. 
However, on tho first picture obtained on that patient, taken alxjut two-thirds second 
l>efore, one could see very definite filling of the right nuriole, ^dth no Diodrnst being seen 
in tho ventricle. There was a very small amount of Diodrnst in the left auricle at that 
time. In the following plate, ns you saw, could be noticed tho right auricle, the left auricle, 
and the left ventricle, with no right ventricle being visualized. 

Again I wish to emphnslxo that this is another laboratorj*- procedure. One should not 
attempt to make it the only laboratory procedure or method of examination used. We use 
it in conjunction with the other studios, and these other studies would also help reveal tho 
difference l>etwoen tho two conditions. 

I would like to comment on Dr. TourofT^s question regarding test doses of Diodrast. 
Wo feel this is extremely important. We abandoned tho Intrndermal testing for sensitivity 
lo Diodrast because we obtained so many false positive reactions. In every patient on 
whom we do angiograms or arteriograms we inject intravenously, as Dr. Touroflf does, a 
small amount of Diodrast before the procedure Is undertaken. We also make sure of good 
renal function by doing a nonprotein nitrogen test before tho angiogram is done. 

Dr. Stephens brought up the question of obliteration of the left common carotid 
nrterj* cephnlnd to tho point of injection. TJiat is always done; the cannula is Inserte<l 
into the left common carotid artery and a ligature is tied around the cnnnula so there is 
no possibility for the Diodrast to go directly up into the brain. 

I certainly would agree wholeheartedly with Dr. Hanlon's position ns just staled 
and, In contrast to Dr. Aveiy's remarks, I really do not feel that this is a procednro to be 
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undertaken lightly. We have Been a number of reactions, particularly in the very cyanotic 
group of children -who are in poor condition at the beginning. We feel that if other meas¬ 
ures will give a definite diagnosis, this method of examination should be avoided. We do 
not feel it is an easy procedure and feel that it has very definite dangers. When it is 
definitely indicated, however, we feel that one should not hesitate to use it. 

In conclusion, there is one further point I w'ould like to make. In our group we feel 
there is a very definite challenge to the thoracic surgeons and to the pediatricians, in 
children, during the first few weeks or months of age, who have the infantile type of 
coarctation of the aorta. These are the children who present themselves with the picture 
of cardiac failure and not the tj'pical picture of the adult type of coarctation of the aorta. 
In our experience during the last two years-wc have had nine such patients in St. Louis 
Children’s Hospital, and they have uiiifomil}' died within a period of one day to three or 
four weeks after admission. We feel this is a definite group of patients who could and 
should be benefited if the}' can be brought out of cardiac failure long enough for remedial 
surger}- to be performed. 

DR. HOPKINS.—As has been pointed out, wo too feel that these patients should be 
chosen carefully, not only with regard to those who will benefit by the procedure but also 
with regard to the selection of the patient.s. The radiology department has done more than 
700 injections at this time without a death. They have steadfastly refused to do an injec¬ 
tion in any patient with severe coronary disease or anj' patient with evidence of severe 
bronchospasm, and also those with an extreme degree of renal disease. 

We also feel that in the use of the venogram a less amount of dye may be injected, 
and 35 per cent dye may be used in these patients. I would like also to say that there is 
one other lesion in which we feel that this procedure may be of e.vtreme benefit in diag¬ 
nosis, that is, arteriovenous nnourj'sm of the lung, but to this date wo have not had any 
experience in this category. 


ANNOUNCEMENT 

It is a pleasure to announce tliat arrangements have been completed which 
will make possible the conversion of the Journal from a bimonthly publication 
to one which -will appear monthly. This change vull begin with the first niunber 
of Volume 19, January, 1950. Tlie C. V. Mosby Company has generously 
granted to The American Association for Thoracic Surgeiy not only the privilege 
of having regularly in its official journal 108 pages in each monthly issue but 
also the oppoi-tunity to publish during the year 1950 approximately 50 more 
pages in each issue in order to clear up a large nimiber of accumulated papers 
which have been held for long periods because of the prevdous restricted number 
of pages. It is expected, therefore, that from now' on it will be possible to print 
accepted articles much more promptly than prerdously. 

In order to make the change to a monthly publication it wiU be necessary 
to increase the subserdption price in the Urrited States from $10 to $15 per year. 
The Council of the Association has authorized this increase. 

The enormous interest irr thoracic surgery which now’ exists thrurighout 
the w’orld and the great speed with which it is being developed arrrply justr j 
the change in policy of the Journal. I feel cer-tain that those w'ho are rnteres e 
in this field of surgery will welcome it. 


—The Editor 
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